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THE CHEMOTHERAPY CAECAL COCCIDIOSIS 
(EIMERIA TENELLA) CHICKENS! 


Abstract 


Tests 2-(p-aminobenzenesulphonamido)-4, 6-dimethylpyrimidine (‘Sulpha- 
mezathine’) prophylactic and curative drug for caecal coccidiosis chickens 
have confirmed the previous findings workers Great Britain and have 
that the disease can checked even after intestinal haemorrhage 

egun. 

related compound, 2-sulphanilamido-4-methylpyrimidine (‘Sulfamerazine’), 
its soluble sodium salt have been found have comparable value curative 

rugs. 

This work suggests that these sulphonamides, with partly methylated pyrimi- 
dine structures, will prove value agents for the control the disease when 
used conjunction with other recognized measures. The relationship between 
the chemical structure and the coccidiostatic effect requires further investiga- 
tion. 


Acute caecal coccidiosis, caused Eimeria tenella, common cause 
losses chicks Canada. Outbreaks frequently occur June, when 
chicks are removed from brooder-house batteries contaminated floors 
soil. warm weather the mortality may very high. 

Several factors are known influence the occurrence Eimeria tenella 
infection. Age resistance recognized, although, pointed out Cul- 
bertson (3), much the evidence inconclusive because most the experi- 
ments this aspect have not excluded the possibility prior infection. 
However, the disease seldom occurs chicks less than days old and, 
according Herrick, Ott, and Holmes (9), the heaviest mortality occurs 
chicks one month old, and low lacking birds from three months 
age, although well marked anaemia may caused the infection 
these older birds. 

Birds that recover from infection with tenella are protected from 
reinfection that species for some time. Continued exposure results 
maintained immunity, although immunization brought about single 
exposure comparatively short-lived (Lee quoted Culbertson 
order establish immunity the infective dose oocysts must suffi- 
ciently large produce active infection the caeca. Tyzzer (17) stated 
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that slight infections with few oocysts are not sufficient for protection 
against massive doses the same species, but severe infections produce 
well-marked immunity. Farr (6) found that method involving con- 
secutive daily doses 1000 oocysts tenella well one involving three 
doses 1000, 5000, and 9000 oocysts, intervals five days, produced 
high degree resistance that species. 

Many methods for the prevention caecal coccidiosis have been advocated. 
Adjustments the ration, particularly the use milk and milk products, 
have received attention since Fantham (5) propounded the use sour skim 
milk and buttermilk 1915. However, many modern workers are not 
agreement regard the value milk products; Becker and Wilcke (1) 
showed that dried buttermilk certain rations actually increased the fatalities 
infected chicks statistically significant degree. 


The feeding elemental sulphur was advocated preventive treatment 
Herrick and Holmes (8) 1936, and since that time this method has been 
used widely. However, sulphur has curative value established infections 
and produces ‘sulphur rickets’ chicks not exposed direct sunlight 
included the ration amounts exceeding for more than few days. 
Herrick, Holmes, and Degiusti (10), continuation the work sulphur 
compounds, showed that ‘Lorol’ thiocyanate and mono- 
sulphide were effective preventing caecal coccidiosis when administered 
single doses; they suggested further work with the view determining the 
practicability using such substances regulate initial infections and hence 
produce resistance. 

Treatment drugs existing tenella infections has been advocated for 
several years, but most the preparations have proved quite useless. Levine 
(13-16) obtained some success with sulphanilamide 
against the less pathogenic species Eimeria, and later showed that sulpha- 
guanidine was distinct value prophylactic against tenella. However, 
none the sulphonamides that tested was found curative value 
chickens already infected with tenella necatrix. 


1942 Horton-Smith and Taylor (11) showed that sulphadimethyl- 
pyrimidine (‘Sulphamezathine’ or, previously, ‘Sulphamethazine’) the feed 
prevented symptoms coccidiosis when administered hr. after birds had 
been infected with tenella. 1943 these authors (12) showed that 
saturated solution sulphadimethylpyrimidine, substituted for drinking 
water, had curative effect upon coccidiosis even after symptoms had begun. 
their experiments these workers demonstrated that untreated con- 
trols, 55% died compared with only 10% equal number birds that 
had access the solution after the disease had begun. 

Owing the obvious importance the findings Horton-Smith and 
Taylor, work sulphadimethylpyrimidine and other compounds was begun 
this laboratory 1943. During the course this work the description 
experiment confirming the observation Horton-Smith and Taylor was 
published Hawkins (7). 
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Experimental Work 


1943 four preliminary experiments were conducted small groups 
suitable chicks (chiefly male White Leghorns) became available. Saturated 
solutions sulphadimethylpyrimidine (2-(p-aminobenzenesulphonamido)-4, 
6-dimethylpyrimidine, called ‘Sulphamezathine’ commercially) were prepared 
heating the water 90° C., adjusting with sodium bicarbonate 
and stirring gm. the drug per litre water. The solution is, apparently, 
almost palatable water, eight-week-old chicks consumed 60+ 
per chick per day. each experiment the chicks were divided into three 
groups; the first group served control, the second was given access 
the sulphadimethylpyrimidine solution place water, and the third 
group was given the solution place water soon bleeding was 
noticed. Twenty-four hours after the administration the drug Group 
all the birds each group were inoculated with sporulated oocysts 
tenella means pipette placed well down towards the crop. The 
solution was given place drinking water the second group soon 
bleeding was noticed. The results (Table supported the work 
Horton-Smith and Taylor, and showed that the chemical, well having 
value prophylactic, had actual curative effect upon established 
infections, even after haemorrhage had begun. One peculiar 
important phenomenon was noted: the prophylactic treatment Experi- 
ments and was continued for total days and, although 
coccidiosis developed, three the eight birds died days later. Three 
birds the ‘prophylactic’ group Experiment died, one each the 
17th, 23rd, and 25th days, and, Experiment one bird the same 
group died the 34th day. none these birds could coccidiosis other 
significant macroscopic disease lesions found, although all were very thin. 
Experiment the treatment was given for one day previous inoculation 
and was stopped one day after the control group began bleed; this was 
total only seven days, and deaths occurred that group. the 
groups treated after bleeding began, the solution was substituted for drinking 
water for only four days and deaths were suffered. now thought 
possible that days medication was too long and that phenomenon such 
the destruction bacteria essential for the synthesis some food factor 
occurred; this hypothesis was suggested the work Elvehjem (4) the 
vitamin complex. 

Following these preliminary experiments another drug, phthalylsulpha- 
thiazole, was tested under similar circumstances. Owing its very low 
solubility water, the drug was mixed the feed the rate gm. per 
promise either prophylactic curative value was evident (Table 

1944 further series tests was made. Chicks were first raised 
the laboratory and this led prior, subclinical infection tenella that, 
apparently, produced moderate degree resistance. the following two 
experiments (No. and No. deaths occurred any group; however, 
there were striking differences the degrees haemorrhage and these 
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TABLE 


EXPERIMENTS ON SULPHAMEZATHINE AS A PROPHYLACTIC AND 
CURATIVE IN CAECAL COCCIDIOSIS 


ge, ose, No. deaths} Deaths, 
Expt. chicks wk. oocysts Treatment (Coccidiosis) 
1000 
hr. before infection 
bleeding began 
hr. before infection 
bleeding began 
hr. before infection 
bleeding began 
hr. before infection 
bleeding began 
Expt. 


Chi-square test (untreated groups vs. groups treated with Sulphamezathine 
bleeding began 


Observed Expected Deviation 


Untreated Treated Treated Untreated| Treated 


No. surviving 16.5 16.5 
No. dead 10.5 10.5 


y 
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TABLE 


EXPERIMENT PHTHALYLSULPHATHIAZOLE SHOWING ITS LACK VALUE CHEMO- 
THERAPEUTIC AGENT CAECAL COCCIDIOSIS 


Expt. chicks wk. oocysts Treatment (Coccidiosis) 
1000 
hr. before in- 
fection 


TABLE III 


TESTS MISCELLANEOUS DRUGS (COMPARED SULPHAMEZATHINE) CAECAL COCCIDIOSIS 


ge, ose, aemorrhage 
Expt. chicks wk. oocysts Treatment (2nd day after 
1000 began) 
fore infection 
ing began 
after bleeding began 
bleeding began 
feed, day before and days 
after bleeding began 
ing began 
bleeding began 
mide, saturated solution, bleed- 
ing began 
Note: **** least one haemorrhagic dropping per bird per hr. (24 hr. 


*** one haemorrhagic dropping per two birds per hr. 
least one haemorrhagic dropping per three birds per hr. 
least one haemorrhagic dropping per group per hr. 

blood. 


* 
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observations were correlated with the general appearance the birds, the 
experiments are herewith recorded (Table III). this test, and all later 
ones, the treatments, which were begun haemorrhage was seen, were con- 
tinued for five instead four days. 


The saturated solution sulphadimethylpyrimidine (‘Sulphamezathine’) 
again showed strong prophylactic and curative effect, and another drug, 
2-sulphanilamido-4-methylpyrimidine showed 
promise that the haemorrhage was checked completely hr. and the 
birds rapidly regained normal healthy appearance. 
tetraethylthiuram monosulphide, and p-aminobenzene sulphonyl cyanamide 
showed promise curatives; sulphadiazine apparently afforded some 
coccidiostatic effect, but this appeared somewhat inferior both 
Sulphamezathine and Sulfamerazine. 


further test was then conducted, using new lot chicks from com- 
mercial brooder house. Sulphamezathine was tested curative only, 
now became apparent that the value this work was chiefly demonstrat- 
ing such property any drug group drugs. Sulfamerazine was again 
tested, mixed chick mash the rate gm. per 
sulphonyl cyanamide was included check the previous experimental obser- 
vation. new drug, arsonic acid, was included. 
this experiment the chicks were highly susceptible and high death rates were 
recorded three groups (Table bird treated with Sulphamezathine 
solution and only one bird treated with Sulfamerazine died. the macro- 
scopic signs anaemia this one bird were not pronounced when compared 
with those the dead birds from the other three groups, some doubts existed 
whether the caecal coccidiosis was the only factor involved the death. 


TABLE 


FURTHER TESTS OF MISCELLANEOUS DRUGS (COMPARED TO SULPHAMEZATHINE) IN THE 
TREATMENT OF ESTABLISHED CAECAL COCCIDIOSIS 


Expt. chicks wk. oocysts Treatment (Coccidiosis) 
1000 
bleeding began 


cyanamide solution, gm./ 
litre bleeding began 


bleeding began 


sonic acid, gm./litre drink- 
ing water, bleeding began 
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The next experiment (No. was designed test Sulfamerazine two 
concentrations the feed, and compare, once again, its value with that 
Sulphamezathine. The three groups treated birds promptly recovered 
from the disease; signs caecal haemorrhage lasted for only hr. these 
groups. Only four, 40%, the control birds died from caecal coccidiosis, 
but haemorrhage continued for five days and the surviving birds remained 
weak and had very pale combs. this experiment was first noted that 
some the birds treated with Sulfamerazine passed caecal cores with their 
droppings the third day after bleeding (and treatment) began. These 
cores were the fibrous remains the caecal blood clot and their outer layer 
contained few oocysts. was noted that the birds, they started 
bleed, showed some anorexia but they continued exhibit normal thirst. 
For this reason, appeared that medication the drinking water rather than 
the feed was the more reliable method treatment. Thus, the soluble sodium 
salt Sulfamerazine was tested the next experiment, using solution 
gm. per litre drinking water. This amount was determined from tests 
water and feed consumption, which indicated that drug consumption was 
roughly the same given gm. per pound feed gm. per litre 
drinking water. Sulphamezathine solution and Sulfamerazine the feed 
were again tested. The intestinal haemorrhage stopped all the three treated 
groups between the second and third days after treatment began; the 
control birds were very pale and weak and continued pass blood their 
faeces for six days, although only three (30%) died (Table V). 


TABLE 


FURTHER TESTS OF SULFAMERAZINE (COMPARED TO SULPHAMEZATHINE) IN THE 
TREATMENT OF ESTABLISHED CAECAL COCCIDIOSIS 


ge, dose, No. deaths} Deaths, 
Expt. chicks wk. oocysts Treatment (Coccidiosis) 
1000 
bleeding began 
bleeding began 
bleeding began 
bleeding began 
bleeding began 


gm./litre water bleed- 
ing began 
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further test Sulfamerazine and sodium Sulfamerazine was conducted, 
again using gm. per lb. dry mash and gm. per litre drinking water, 
respectively, bleeding began. These birds were highly susceptible 
coccidiosis and nine (90%) the untreated chicks died caecal coccidiosis 


(Table VI). 
TABLE 


A FURTHER TEST OF SULFAMERAZINE AND SODIUM SULFAMERAZINE AS 
CURATIVES IN ESTABLISHED CAECAL COCCIDIOSIS 


Expt. chicks wk. oocysts Treatment (Coccidiosis) 
1000 
bleeding began 


litre drinking water, 
bleeding began 


Observations feed, water and drug consumption, well gains 
weight, were made this experiment. was found that day 
period, between two days before bleeding began and the fourth day after 
treatment was stopped, the single surviving control bird lost 27.2 gm. 
weight. The birds treated with Sulfamerazine the mash gained average 
81.7 gm. and those the sodium Sulfamerazine group, 
consumption feed and water are shown Table VII. The average con- 


TABLE VII 


RECORDS CONSUMPTION MASH AND WATER (GM./BIRD/DAY) EXPERIMENT 


Treated Sulfamerazine Treated sodium Sulfa- 


Day feed merazine water 
Feed Water Feed Water Feed Water 

Pretreatment 70.0 24.4 22.6 56.0 
Pretreatment 26.8 69.5 26.0 67.5 24.0 65.5 
Pretreatment 28.6 26.5 67.5 
Pretreatment 29.5 67.0 29.3 70.0 60.0 
Treatment 30.9 69.5 67.8 58.6 
Treatment 14.5 48.5 22.6 60.6 14.2 43.3 
Treatment 7.0 30.0 17.9 61.1 11.4 37.2 
Treatment 6.5 25.0 28.8 81.1 18.1 
Treatment 14.2 66.2 86.7 61.4 
Post-treatment 102.5 37.8 85.0 23.6 64.9 
Post-treatment 89.4 28.3 85.6 
Post-treatment 26.5 60.0 49.1 100.1 27.4 67.2 
Post-treatment 30.0 130.0 47.8 29.4 


SWALES: CAECAL COCCIDIOSUS CHICKENS 139 


sumption Sulfamerazine the feed for the five days was 119, 100, 79, 127, 
and 142 mgm. per bird The average intake sodium Sulfamerazine 
the drinking water was 117, 87, 74, 104, and 123 mgm. per bird during the 
same five days. the sodium would account for about the soluble 
form, the intake active drug the drinking water was roughly 18% less 
than the dry Sulfamerazine. possible that this might account, least 
part, for the difference speed recovery reflected the gains 
weight. 
Discussion 


This series tests confirms the findings Horton-Smith and Taylor that 
sulphadimethylpyrimidine has inhibiting effect upon Eimeria tenella and 
that, addition being value prophylactic, has definite curative 
effect upon established infections even when the clinical disease has progressed 
the stage intestinal haemorrhage. The drug, when given saturated 
aqueous solution (0.2%) place drinking water, appears non-toxic 
when the treatment extends over period five even seven days. 
indication that harmful results may occur from medication over period 
days suggested from the preliminary tests; however, this apparent toxic 
effect has not been investigated further. 

Further tests have shown that related drug, 2-sulphanilamido-4-methyl- 
pyrimidine (Sulfamerazine) both its relatively insoluble form mixed dry 
mash and the form soluble sodium salt drinking water has com- 
parable value inhibiting the development established infections. 

coccidiostatic effect probably brought about the inhibition one 
more stages the life cycle the parasite. seems most probable that 
the case tenella the great pathogenicity due the repetition the 
cycle asexual multiplication and that order check the disease the 
motile merozoites must weakened destroyed before they penetrate 
further cells the caecal epithelium. If, analogy, can suggested 
that sulphonamides act the merozoites inhibiting enzymatic function, 
then the chemical structure successful drugs will interest. Horton- 
Smith and Taylor (11) first demonstrated that both sulphadimethylpyrimidine 
(2-(p-aminobenzenesulphonamido)-4, 6-dimethylpyrimidine) and sulphadiazine 
2-(p-aminobenzenesulphonamido)-pyrimidine), inhibited tenella when given 
after infective dose oocysts. the test reported here, the 
counterpart the above mentioned sulphonamides, known under the pro- 
prietary name Sulfamerazine, has been found have great value check- 
ing established tenella infections. This compound differs from the other 
two having only one methyl group the pyrimidine ring, sulpha- 
diazine has group and sulphadimethylpyrimidine has two. Whether 
complete methylation would inhibit the coccidiostatic effect problem now 
being investigated this laboratory. the present time the fact that the 
two partly methylated compounds appear superior sulphadiazine 
more than casual interest. The mode action such sulphonamides 
animal organisms might clarified more detailed work. 
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The practical application the finding curative drugs for caecal cocci- 
diosis should await the results field trials. such drugs are used properly 
conjunction with other established control measures, should possible 
reduce death losses considerable extent. 


The records feed and water consumption indicate that the drugs tested 
not render either the feed water unpalatable. The changes con- 
sumption appear rather reflect the severity progress the disease. 
The methods administration used this work appear satisfactory 
for such tests and for practical application. 
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THE SALINE LAKES SASKATCHEWAN! 


Abstract 


Sixty lakes central and southern Saskatchewan were investigated during 
the years 1938 1943. Most these are saline and lie within the aspen 
parkland. few freshwater lakes from the adjacent forest zone were included 
for comparison. Physical and chemical studies included observation depth, 
temperature, dissolved oxygen, light penetration, and the mineral constituents 
the water. The plankton was sampled with nets and traps, bottom organisms 
with Ekman dredge, and the fish with gill nets and seines. the first two 
years the survey covered all the main lakes the southern part the province. 
the last three, more intensive studies were, made selected lakes. 

Most the lakes have between 300 and 30,000 p.p.m. total solids but Little 
Manitou Lake has 120,000 p.p.m. The salts are mostly sulphates magnesium 
sodium with little chlorides. Seasonal, annual, and long-term variations 
salinity are discussed. Most the lakes are shallow and only those moderate 
depth show thermal stratification. High salinity affects the course circulation. 
Light penetration low the shallow lakes but none excessively turbid. 

The phytoplankton, dominated the blue-green algae, mostly composed 
euryhaline species. Higher aquatic plants are widespread but absent from 
Little Manitou Lake. Cosmopolitan species halophytes grow around the 
saline are abundant with Pedalia and Brachionus dominant 
the more saline water. The Entomostraca thrive all salinities. The brine 
shrimp, Artemia salina, found only Little Manitou Lake. Chironomid 
larvae, amphipods, and mollusca dominate the bottom fauna. The relation 
the quantity bottom organisms salinity discussed. 

Twenty-six species fish are found. Several species tolerate salinity 
15,000 p.p.m. but only the nine-spined stickleback, Pungitius pungitius, occurs 
20,000 p.p.m. The saline lakes produce much game fish and about the 
commercial catch the province. Fish planting and the results three experi- 
ments fish culture are recorded. 

These lakes may classified saline eutrophic. Salinity the dominant 
influence and also expression the climatic and physiographic factors 
that were responsible for the formation the lakes. The saline lakes Saskat- 
chewan are much like those the steppes western Siberia. 


Introduction 


Most the lakes Southern Saskatchewan have outflow and under the 
influence semi-arid climate, they are developing high degree salinity. 
The effects salinity the life these lakes immediate economic 
importance limiting their fisheries possibilities. The area also special 
interest from the viewpoint regional limnology. For these reasons 
extended investigation was begun 1938 with the financial assistance the 
National Research Council Canada. The junior author carried most 
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the field work during the summers 1938 1941 and, until his entrance 
into the armed forces, was engaged following certain special studies 
arising from the general problem. The senior author has supervised the work 
and has assisted the analysis and interpretation the material now 
presented. 

Part Physical and Chemical Studies 


PHYSIOGRAPHY THE REGION 


The Province Saskatchewan includes two main physiographic regions, 
each which possesses lakes distinctive type. The northern half lies 
mostly within the Laurentian Plateau. This area Precambrian rocks 
covered coniferous forest and dotted with freshwater lakes. The southern 
half part the Interior Continental Plain and includes both grassland and 
parkland. The lakes this region exhibit great variety salinities ranging 
from fresh three and one-half times that the ocean. approaching 
the problems these saline lakes should enquire further into their physio- 
graphic background. 

Geologically, Saskatchewan may divided into four main regions. The 
northern part, occupying more than one-third the province, marked 
outcroppings Precambrian rocks. Along the south margin this area 
narrow band Palaezoic limestones. Underlying the central portion 
the province are extensive Cretaceous deposits and the southeast, some 
Tertiary age. The Cretaceous and Tertiary deposits have most places 
been greatly eroded and they are now almost covered glacial drift. 
some places these drift deposits are known 400 500 ft. thickness, 
(8). others the drift relatively thin and the underlying rocks are fre- 
quently exposed hillsides and river valleys. Only one small area, the 
Wood Mountain district near the south boundary, appears unglaciated. 
small area the Cypress Hills also unglaciated but lies west the 
boundary, the Province Alberta. 

special interest the south and central regions are the evidences the 
manner which the ice retreated from the area. Four large and somewhat 
irregular areas, numbered the map showing geological features, Fig. 
represent the main lacustrine deposits large glacial lakes indicated 
Edmunds (5). These are (1) the area, (2) 
Sceptre, (3) Saskatoon—Rosetown, (4) Recent study 
suggests that the last named was arm the much greater lake, Agassiz, 
which occupied much southern Manitoba during the retreat the Keewatin 
the ice retreated toward the northeast these lakes found drainage 
the south and east. The wide and deep Qu’Appelle Valley marks one 
these main channels through which great quantities water once flowed into 
Lake Agassiz. Because the relative flatness these old lake beds none 
our present lakes are found these areas. Their outlet channels, however, 
provide the basins for several existing lakes, among them Little Manitou 
Lake, near Watrous, the most saline all the present lakes the area, and 
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Last Mountain, one the largest the series. From the glacial geology 
the region estimated that the basin Manitou Lake was formed 
about 15,000 years ago. The available information does not permit any 
estimate the length time has been without outflow. 


Drainage from the Province Saskatchewan three directions. The 
extreme northern portion drains through the Athabaska River the 
Mackenzie and the Arctic Ocean. small area the extreme southwest, 
the southern slopes Cypress Hills and Wood Mountain regions, drains 
south into the Missouri River. Most the province drains into Hudson 
Bay through two great rivers, the Churchill the north and the Saskatchewan 
the south. While the two great branches the Saskatchewan flow across 
the centre the province there little actual run-off this region. Most 
the lakes this area have outflow. similar situation found 
the Qu’Appelle Valley, where recent years the stream has dried about 
midsummer. 

Altitudes Saskatchewan run from about 700 over 4000 ft. (Fig. 1). 
From the highest point the Cypress Hills near the southwest corner the 
whole area slopes gradually the north and the east. large triangular 
area the southwest lies above the 2000 ft. contour and bounded the 
east escarpment, the Missouri Coteau. Other areas reach altitude 
2000 ft. but most the province lies between the 1000 and 2000 ft. contours. 
The lakes the present study lie mostly between 1500 and 2000 ft. the 
second prairie steppe, which extends from the above mentioned Missouri 
Coteau eastward across the Manitoba boundary. 

The climate southern Saskatchewan can described semi-arid. 
The mean annual rainfall stations this area averages in. This 
could described truly arid were not that 70% this precipitation 
falls during the growing season (Apr. Sept. The mean annual tem- 
perature calculated from stations 33° but the region one sudden 
and extreme variation temperature. The mean annual maximum about 
95° and the mean annual minimum The lakes are frozen over 
for approximately six months, mid-November mid-May, thenorth, and 
five months, Dec. Apr. 30, the south the region. Low humidity, 
rapid evaporation, and high winds combine produce area marked 
saline lakes and some areas, extensive soil drifting. 

The vegetation the northern half the province largely coniferous 
forest (Fig. the Churchill drainage area this forest fairly dense. 
Toward the north thins out and, the Northern Transition Forest, grades 
into the Arctic Tundra. Entering the Saskatchewan drainage area the 
south the coniferous forest takes mixedwood character with more 
deciduous trees and grades into the Park Belt. This zone, about miles 
width, typical parkland (savannah) which groves aspen poplar 
alternate with areas tall grass. Many the saline lakes studied lie 
this area. the south extensive grassland classified mixed prairie. 
smaller triangle the southwest typical short grass prairie. 
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With the exception the above mentioned beds glacial lakes the prairie 
rolling and dotted with shallow depressions known ‘sloughs.’ Around 
the margins the sloughs and the frequent valleys are scrubby stands 
poplar and willow. several hilly areas there continuous forest cover. 
The chief these areas the Cypress Hills district, mentioned above the 
highest point the Province. the Cypress Hills are found stands the 
lodgepole pine, species native the Rocky Mountain area. added 
interest here the occurrence few bodies fresh water including Loch 
Lomond, which has the lowest total solids recorded for any lake the area 
under consideration. 

THE SALINE LAKES 


The total solid content lakes Saskatchewan known vary from 
118,000 mgm. per litre (p.p.m.). The lakes with small quantities 
solids are freshwater and those high total solids are obviously saline. How- 
ever, any division between these groups must quite arbitrary and for con- 
venience have adopted that 300 p.p.m. suggested Hesse (11). 
evident that similar problems will found lakes low salinity and 
freshwater lakes, and for this reason fresh lakes were included the 
investigation. Among these fresh lakes are three, Waskesiu, Halkett, and 
Namekus, from the Prince Albert National Park, thus linking the present 
study with extensive work already done lakes that area (24). 

lakes listed Table Little Manitou with 118,000 p.p.m. 
total solids stands out extremely saline. Its salinity 12% about half 
that the Great Salt Lake, Utah, and the Dead (10) lists 
lakes with salinities greater than 12%, only two which are North 
America. Seven other Saskatchewan lakes are very saline with from 10,000 
30,000 p.p.m. Nineteen have salinities 1000 10,000. Twenty-two 
are moderately saline—300 1000—and are fresh according the defini- 
tion accepted above. should noted that several analyses were available 
for some these lakes. view the wide seasonal variation salinity 
was decided average these results. Thus total solids recorded Table 
are some cases averages for the period 1938 1941. This table includes 
almost all the lakes any considerable size the prairie area. includes 
also most the lakes the Park Belt but only few the very numerous 
lakes the forest region. 

The location these lakes indicated the map, Fig. extend 
across the full width the province, 350 miles, and from latitude 50° north 
54°. comparison their salinities indicates that the lakes the 
Churchill drainage are quite fresh, mostly with less than 200 p.p.m. total 
solids. (Five other lakes from widely separated parts the Churchill 
drainage area have total solids from 172 p.p.m.) From the watershed 
between the Churchill and Saskatchewan Rivers south the upper boundary 
the parkland are located some lakes, which, with two exceptions, have 
total solids from 200 550 p.p.m. The two exceptions are Birch with 636 
and Bitter with the very high salinity 14,050 p.p.m. the Park Belt 
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TABLE 


SALINITY AND SIZE LAKES SOUTHERN SASKATCHEWAN 


Total* Total 
Lake solids, Lake solids, 

Little Manitou 3.5 894 4.0 
Big Quill 29,250 420 6.0 Round 
Little Quill 20,380 182 1.5 Good Spirit 868 4.0 
Manito 19,700 114 22.5 Witchekan 2.0 
Bitter 14,050 6.5 16.5 Murray 8.0 
Antelope 13,700 8.2 Birch 636 4.0 
Basin 11,900 10.5 Christopher 542 5.0 10.0 
Soda 9318 2.0 Emma 528 9.0 
Stoney (Humboldt) 7870 5.5 Sturgeon 486 8.0 
Charron 7080 Little Nut 469 2.0 
Lenore 6034 7.0 Pelletier 461 8.0 
Wakaw 2915 9.0 Brightsand 452 6.5 
Last Mountain 2550 210 24.0 Midnight 448 
Elbow 2538 0.3 21.0 Madge 412 13.0 
Sandy Beach 1547 1.3 12.0 Stony (nr. Turtle) 412 3.0 
Margo 1465 3.2 Eastend Dam 

Carlyle 1341 15.0 Deep 295 
Round (Prince Albert) 1307 Halkett 283 52.0 
Echo 1285 17.0 Turtle 279 13.0 
Jackfish 5.5 Meeting 231 13.0 
Kenosee 1186 7.5 Delaronde 223 168 20.0 
Ponass 1025 1.0 Helene 217 
Kenderdine 1013 0.6 11.5 Namekus 200 27.0 
Crooked 1008 13.0 Waskesiu 171 24.0 
Katepwa 973 20.0 Montreal 166 450.0 10.0 
Wilson 907 6.5 Loch Lomond 126 


Evaporated for one hour 180° 


itself lakes were examined, each which had salinity more than 800 
p.p.m. the middle grassland area most the salinities are over 1000 
but the higher region the southwest three lakes, Pelletier, Eastend, and 
Loch Lomond, have salinities 461, 357, and 126 respectively. thus 
seen that there well marked zonation salinities, the lakes highest 
salinity being found the Park Belt the grassland close its southern 
margin. 

might seem remarkable that few saline lakes occur the most arid 
region, the open prairie. This explained two circumstances. The 
retreat the ice from this region left large level areas where glacial lakes had 
stood and relatively few basins capable accommodating large lakes. 
further explanation that most the lakes originally this region have 


| 
— 


RAWSON AND MOORE: SALINE LAKES SASKATCHEWAN 147 


Christ rl. 


Eibow L. = 


= Stone L 


FOREST REGION 


Big Quill L» fishing ln 
“Margo L.~ Madge Lg 


Good 


YORKTON 


Q 
Antelope L. Johnstone L. 
® Crone Liz 
a 
Loch Lomond SHOWING DISTRIBUTION LAKES 
Cypress L. 
O 0 203 40 50 
SCALE OF MILES 
Surpware @ 


Fic. Map showing the location the lakes, also boundaries vegetation zones. 


dried are, course, many shallow temporary bodies saline water 
locally known sloughs. These have not been studied but they appear 
much like the pans described Hutchinson (14) South Africa and other 
arid regions. Several large lakes, e.g. Johnston Lake, indicated maps the 
Province are now almost dry. Some these are indicated the map, 
Fig. with dotted outlines. Muskiki Lake west Humboldt may cited 
lake the last stages desiccation. Clarke (3) records 
its salinity 193,000 p.p.m. 1920. not now regarded lake and 
therefore not listed Table The location numerous former saline lakes 
shown the distribution salt deposits, mostly sodium sulphate, indicated 
Fig. number these deposits are sufficiently extensive utilized 
commercially. noted that, with two three minor exceptions, these 
deposits are not found the areas indicated the map (Fig. former 
glacial lake beds. also significant that only one some known salt 
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deposits has any important amount chloride. Likewise will shown 
below that none the present saline lakes are the chloride type. 

the lakes near the height land between the Saskatchewan and Churchill 
watersheds was observed that those with continuous outflow had total solids 
less than 200 p.p.m. Those with only seasonal outflow with none all 
showed total solids well above 200. might suggested, therefore, that 
this region 200 p.p.m. was better dividing point than 300, that lakes with 
from 200 300 p.p.m. should regarded showing incipient salinity. 


SEASONAL, ANNUAL, AND LONG-TERM CHANGES SALINITY 


Seasonal changes the salinity these lakes are pronounced for two 
reasons. The lakes are frozen over for from four six months each year and 
the summer period, during which rapid evaporation takes place, relatively 
short. addition this, the lakes receive the spring considerable 
amount run-off, which is, most cases, their only inflow. The salinity 
the surface water thus shows rapid increase from May September 
illustrated for three lakes Table II. The salinity surface water from 
Redberry Lake increased from 13,080 May 1940 14,410 September 
the same year. May 1941 had dropped back 13,639 but increased 
during the summer 14,946 the middle August. 


TABLE 


SEASONAL CHANGES AND VERTICAL DIFFERENCES THE SALINITY, P.P.M., THREE LAKES 
May SEPTEMBER, 1940 


Little Manitou Lake May July Sept. 
Surface 105 120,300 
Bottom m.) 104,100 

Redberry Lake June Aug. Sept. 
Surface 13,405 14,900 14,410 
Thermocline (14 m.) 13,305 15,070 14,400 
Bottom (25 m.) 14,650 15,016 

Jackfish Lake May Aug. Sept. 
Surface 1237 1253 1257 
Bottom m.) 1246 1262 1278 


Analyses Table show also the variations salinity different depths. 
most cases the salinity the bottom water somewhat greater than that 
the surface but only Little Manitou Lake the difference large 
magnitude. this lake May the salinity was relatively uniform. 
Oxygen and temperature data indicate that vernal circulation was still 
progress. July the bottom oxygen indicated stagnation and the bottom 
salinity had risen 157,000 31% higher than that the surface. This 
increase bottom salinity undoubtedly due the redissolving crystals 
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sodium sulphate (Glauber’s salt), which are frozen out during the winter 
period and which dissolve slowly during the summer. Such crystals are 
abundant bottom especially depths two three metres. 
Sept. the temperatures show that the lake was almost completely mixed 
but oxygen determination 0.1 cc. per litre and salinity still 14% 
higher than the surface show that thin bottom layer, mm. thickness, 
had not been mixed. The extremely high salinity, with consequent increase 
density and resistance mixture would apparently account for this delay 
circulation. The delay the more striking since the lake large, shallow 
m.), and has little shelter from the wind, conditions that would bring about 
rapid circulation, under ordinary circumstances. The total solids the 
surface and bottom water differed not only amount but the chemical 
constituents. All ions except sodium and sulphate were present similar 
quantities surface and bottom. These two ions were almost doubled 
the bottom sample, thus accounting for the increase 31% total solids 
the water near bottom. This again explained the above-mentioned 
freezing out and redissolving sodium sulphate crystals the lake bottom. 


Annual changes the salinity number lakes have been followed 
since the beginning our investigations 1938. few earlier analyses 
have been located that provide some indication changes six lakes back 
about 1920. These are incorporated Table III. During this period 
about years the salinity these lakes increased amounts varying from 
24.4% Manito Lake 97.5% Little Quill. The yearly increments 
varied from 1.7% Redberry 3.7% Stoney Lake. further examin- 
ation this and other data shows that large part the increase occurred 
the four years, 1937 Stoney Lake shows annual increase 
the rate 2.3% for years from 1924 1937 and 8.4% for the years, 
1937 The salinity Last Mountain Lake increased the rate 
4.8% and Echo Lake 5.1% for the same period four years. This recent 
increase the rate accumulation salts appears the cumulative 
result extended period low precipitation that reached the stage 
extreme drouth the years 1932 1935. noteworthy that analyses 
Table III only two show any decrease from the preceding years and both 
cases the differences are less than the seasonal variations indicated Table II. 


The rate concentration salts lake affected variety factors 
including the rate evaporation, the ratio water volume surface area, 
the amounts water and salts brought into the lake inflowing streams, 
and the amount outflow, any. Since the lakes question all lie 
region relatively uniform climate and topography might expected 
that the effect the ratio volume area would dominant. The 
mean depths eight lakes are therefore included Table III. The average 
rate increase per year shows inverse ratio the mean depth the 
lake. Graphic analysis this relation Fig. suggests hyperbolic curve 


the form being the rate increase salinity and the mean 
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depth. For the curve shown the constants and have the values and 
respectively. The only point that does not lie close the curve Fig. 
represents Little Manitou Lake from which sodium sulphate crystallizes out 


TABLE III 
INCREASE SALINITY EIGHT LAKES, 1920-1941 


Analysis Av. increase Av. increase 
total solids Total per year, per year, 
evap. hr. increase 1920-1941, 1937-1941, 
180°C. 
Little Quill Lake 
fay 10,850 97.5% 
1929 13,499 3.6 10.4 1.0 
July 1939 21,387 
Stoney Lake 
July 1924 4627 84.5% 
1937 6191 8.4 
July 1938 6787 years 
July 1940 7828 
8536 
Little Manitou Lake 
1921 80,114 48.2% 
Aug. 1939 115,500 years 
July 1940 120,300 
118,700 
Big Quill Lake 
16,550 45.2% 
June 1938 2.0 4.0 
July 1939 30,022 years 
Last Mountain Lake 
937 2402 19.2% 
Aug. 1939 3098 years 
Sept. 2676 
Aug. 1941 2863 
Echo Lake 
1937 1158 22.0% 
Aug. 1939 1282 8.0 
July 1940 1294 years 
June 1941 1413 
Manito Lake 
Mar. 1927 15,530 24.4% 
Aug. 1931 18,753 1.8 10.6 
Aug. 1938 years 
May 
Redberry Lake 
1926 
Aug. 1931 11,520 29.2% 
June 1940 years 


Aug. 1941 14,946 
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AVERAGE PERCENT INCREASE SALINITY PER YEAR 


MEAN METRES 


Fic. indicating the relation mean depth rate increase salinity 
seven lakes. 


each year. Its high salinity (12%) would also retard evaporation. 
thus not comparable the other lakes. Because the extent the seasonal 
fluctuations salinity (Table II) there may have been rather large error 
our calculation the rate increase. Thus the relation, although con- 
siderable interest, not yet regarded proved. 

While the Saskatchewan records extend back only 1920 thére are avail- 
able earlier records for Devils Lake, N.D. (37). This lake, under climatic 
conditions essentially similar those Saskatchewan, increased salinity 
79.5% the period years from 1898 1923, yearly increase 
2.4%. The records for Great Salt Lake, Utah, cover much longer 
period. The following percentages salinity are recorded: 1850—22.28, 
1869 14.99, 1877 15.56, 16.7, 1889 19.56, 
1892 23.03, 27.72, 1908 22.99, 1913 20.3, 1930 31.0, 
1939 28.37. Most these records are from Clarke (3) and that for 1885 
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from Halbfass remainder have been obtained personal com- 
munication follows: that for 1850 from Professor Hayes, Department 
Mineralogy, University Utah, for 1930 from Wrather, Director 
U.S. Geological Survey, and for 1939 from Madsen, Superintendent 
Fisheries, Salt Lake City, Utah. These records show decrease the 
salinity Great Salt Lake between 1850 and 1877, continued increase 
1904 and further decrease 1913. The salinity 1930 was similar 
that but,in the drought period that followed,a rapid increase occurred 
Great Salt Lake has shown two major cycles increase and decrease the 
past hundred years, also that was decreasing between 1904 and 1913 when 
that Devils Lake was increasing. 


From the available precipitation records clear that the Saskatchewan 
region had the heaviest rainfall the century the years 1870 1885. 
This was followed drought the 1890’s that was most severe about 
1893. Increased rainfall was reported for about years after which 
declined slowly second drought period. This began about 1927 and 
became extreme the years 1933 1935. During the five years 
precipitation increased somewhat but the salinities our lakes still increased 
rapid rate. The evidence from Devils Lake and single unverified 
record from Big Quill Lake (16,166 p.p.m. 1910) suggest that there has been 
considerable acceleration the increase salinity lakes the region 
during the years, 1900 1941. The earlier drought, about 1893, was 
severe but not long duration the more recent one. The cumulative 
effect continued drought well illustrated the continued and rapid 
increase salinity since 1937, Table III. these climatic changes are 
cyclic may hope for some restoration former lake levels. Climatologists 
disagree this subject and the expectation substantial improvement 
lake levels appears rather slight. However, there geological evidence 
indicate that there have been less recent times, periods greater preci- 
pitation with higher lake levels and freshening the water saline lakes. 
Hutchinson (13) concludes that the present salinities lakes the Lohontan 
Basin Nevada are not directly related their geological age. 


THE COMPOSITION THE SALINE WATERS 


the foregoing section reference has been made the salinity indicated 
determination total solids without indicating that the composition 
the salts the different lakes varied greatly. results analyses the 
water from lakes are indicated Table IV, the components being expressed 
parts per million various ions. facilitate the comparison actual 
composition these waters was decided make use milligram equivalents 
rather than absolute amounts the different ions. calculating the milli- 
gram equivalents percentage basis the composition waters with dif- 
ferent total solids readily compared. Thus Fig. the percentage 
milligram equivalents the important negative ions appear the left and 
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LITTLE MANITOU 
QUILL 
LITTLE QUILL 
REDBERRY 
BITTER 
ANTELOPE 
BASIN 

STONEY 
CHARRON 
LENORE 
FISHING 
WAKAW 

LAST 
MARGO 
CARLYLE 
ROUND 
ECHO 
JACKF/SH 
KENOSEE 
PONASS 
CROOKED 
PASQUA 
KATEPWA 
EDWARD 
ROUND (or QUAPPELLE) 
GOOD SP/AR/T 
CLEARWATER 
MURRAY 

BIRCH 
EMMA 

LITTLE NUT 
PELLETIER 
GREENWATER 
BRIGHTSAND 
MADGE 

EASTEND DAM 
LITTLE LOON 
DEEP 
HALKETT 
TURTLE 
MEETING 

LARONDE 
HELENE 
NAMEKUS 
WASKE S/U 
MONTREAL 
LOCH LOMOND 
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Fic. showing the composition from saline and freshwater lakes. 
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positive ions the right. Certain general trends and special resemblances 
are immediately apparent. 

Among the negative ions bicarbonate and sulphate are predominant. 
the freshwater lakes the percentage bicarbonate very high but decreases 
the salinity increases while the opposite true the sulphate ion. Fresh- 
water lakes and those with moderate salinities (up 700 p.p.m. total solids) 
have, with three exceptions, more bicarbonate than sulphate and might 
therefore called carbonate types. the lakes with salinities over 700 
p.p.m. all but three contain more sulphate than carbonate and may thus 
called sulphate types. With few important exceptions the carbonate and 
chloride ions represent small percentage the whole. case was the 
chloride ion dominant although the chloride type saline lake well known 
elsewhere, e.g. Utah and Nevada (3). 

the positive ions the general trend from fresh saline conditions less 
obvious but, the percentage sodium ions increases, that calcium 
decreases. The magnesium ions, with some irregularities, make roughly 
one-half the positive ions. The major irregularity the sequence 
positive ions found the Qu’Appelle series lakes (Round, Katepwa, 
Pasqua, Crooked, Echo, and Last Mountain) which the sodium ions are 
predominant. preparing Fig. potassium was included with value for 
sodium. Reference Table will show that potassium ions nine lakes 
varied from 0.65% Last Mountain 2.4% Turtle Lake. using 
this scheme the general trends are made evident and few lakes with unusual 
compositions show misfits inviting special study. 

The general trend toward the occurrence high sulphates the more 
saline lakes and high carbonates the less saline and fresh lakes largely 
explained their existence regions differing soil, vegetation, and 
climatic conditions. indicated above, the more saline lakes are found 
the prairie and parkland while the fresh lakes are the forest area. From 
examination extensive soil analysis made available the Soils Depart- 
ment, University Saskatchewan, clear that the soluble soil 
prairie and parkland are mostly sulphates magnesium and sodium with 
small amounts bicarbonates and chlorides. These sulphates are readily 
leached from the soil and deposited the lakes. the forest zone the decay 
the abundant organic matter produces large amounts carbonic acid. 
This acts solvent for mineral matter and the resulting carbonates are 
carried into the lakes the region more abundantly than the other salts. 
Thus available materials the soil favour the accumulation sulphates 
the lakes the arid prairie and parkland regions and carbonates the 
forest zone. The relative solubilities the various salts also have effect 
that, the salt concentration lake increases, tends result the early 
precipitation less soluble salts such calcium and magnesium carbonates 
and the final persistence more soluble salts such magnesium sulphate. 


While the above theory accounts for the general trends composition 
these lake waters there are many special conditions that need further study. 
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few cases already have useful clues, e.g. Clearwater and Pelletier 
lakes, the presence carbonate water region sulphate lakes apparently 
the result springs, high carbonates, that empty into these lakes. Special 
studies Madge and Little Nut lakes, both unusually high sulphate 
content, and Kenderdine Lake, with high bicarbonate, would interest. 


TEMPERATURE AND DISSOLVED OXYGEN 


Physical conditions were observed routine manner the lakes 
listed Table and more completely series lakes selected for 
special study salinity. This series includes Little Manitou, Redberry, 
Stoney, Last Mountain, Echo, Jackfish, Murray, Turtle, Halkett, and 
Waskesiu lakes. Physical conditions the two last-named lakes have beer 
described another publication The records for the lakes 
the main features thermal change and the presence absence oxygen 
depletion the deep water. many cases the soundings are too limited 
allow the calculation mean depth investigate heat exchanges and 
oxygen deficits. Selected physical data for lakes are presented Table 
The lakes are divided into three groups basis their depth and similar- 
ities thermal conditions. Within these groups they are order decreasing 
salinities, Table Depths recorded Table are those the deepest 
station which observations were made but not all cases the maximum 
depth the lake. 

The first group seven lakes, from Manito Waskesiu, are deep lakes 
with marked thermal stratifaction. The thermocline most cases begins 
even 20m. The dissolved oxygen the hypolimnion quite low, frequently 
less than per litre the near-bottom region. the three saline members 
this group the bottom stagnation more severe and bottom temperatures 
remain very low during the whole summer. significant that the dissolved 
oxygen the bottom water much lower Bitter Lake, the smallest the 
three, than Manito and Redberry, which are both larger and deeper. The 
small area and wooded surroundings Bitter Lake reduce the effect the 
wind and thus favour stagnation. Deep Lake, which lies very close Bitter, 
also small area but its water fresh. was not mixed May 25, 
1939, but supports good fish population and undoubtedly circulated 
later the season. Bitter Lake because its high salinity probably re- 
mains stagnant all summer. supports fish although its salinity within 
the observed tolerance several freshwater species. 


The higher salinities have important effect lowering the temperature 
maximum density below the value for pure water. This results 
vernal circulation taking place lower temperature, and, stratification 
occurs, the persistence throughout the summer extremely low temperatures 
the bottom water. Thus Redberry Lake with salinity 15,000 the 
temperature was 1.8 and 1.7° after stratification had been estab- 
lished June 1939 and 1940. Manito Lake, salinity 20,000, the bottom 
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TABLE 


TEMPERATURE, OXYGEN, pH, AND TRANSPARENCY IN REPRESENTATIVE SALINE AND FRESH- 
WATER LAKES OF SOUTHERN SASKATCHEWAN 


Lake 


Group 1 
Manito 
Redberry 
Bitter 
Deep 
Halkett 
Namekus 
Waskesiu 


Group 2 
Antelope 
Basin 
Fishing 
Carlyle 
Echo 


Kenderdine 
Round (Qu’App.) 
Clearwater 
Greenwater 
Madge 


Little Loon 
Turtle 
Meeting 


Group 3 
Big Quill 
Stoney 
Lenore 
Wakaw 
Margo 


Jackfish 
Round (P.A.) 
Kenosee 
Wilson 
Edwards 


Good Spirit 
Murray 
Birch 
Christopher 
Emma 


Sturgeon 
Pelletier 
Brightsand 
Broughton 


Special Cases 
Little Manitou 
Last Mountain 
Last Mountain 


Temp., °C. 


Position 
thermo- 
cline, 
Bott 
6-10 
4.0 15 -— 20 
1.3 3-6 
4.5 5-7 
5.6 9-14 
7.4 7-12 
8.7 6-10 
20.6 _ 
8.6 _ 
16.4 
13.0 
18.4 
11. 
16. _ 
18.2 _ 
15.6 
18.5 
18.5 _ 
18.2 
17.5 _ 
18.9 
20.2 
10.9 _ 
21.4 _ 
16.7 _ 
15.4 _ 
18.1 _ 
17.6 _ 
17.6 _ 
20.7 _ 
19.8 _ 
14.3 
15.0 
45.1 
13.4 
20.2 _ 
11.3 
20.5 


17.0 
13.2 
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21.5.39 22.5 14 6.4 2 
26.8.40 24 17 $.S 3 
26.5.39 16.5 14 7.0 0 
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6.7.34 52.0 16 6.6 2 
10.7.34 27.0 22 6.5 2 
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27.6.38 11 5.6 
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14.6.39 10 7.2 
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5.8.39 13 | 6.4 a z.5 
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5.9.40 5 6.4 
17.7.38 7 6.8 1.0 
23.5.39 9 6.8 3.0 
10.7.38 3 | 4.5 2.8 
19 6.4 1.8 
22 6.5 
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8 5.1 
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17.7.40 4.0 20.8 6.4 
22.7.43 21.4 6.6 
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temperacure May 26, 1940, was —0.1 and Aug. 17, 1938, was 0.0° 
Laboratory tests indicate that the density sample Redberry Lake 
water with 15,578 p.p.m. total solids 0.0° was 1.0138 and the temper- 
ature maximum density about The density Manito Lake 
0.0° about 1.086 and the temperature maximum density approxi- 
mately Waskesiu, freshwater lake comparable depth, the 
bottom temperature winter fell but summer was never 
lower than 4.0° low temperatures the hypolimnia Red- 
berry and Manito Lakes are more characteristic oligotrophic than eutrophic 
lakes but the biological evidence and the reduction the dissolved oxygen 
deep water mark them definitely eutrophic. 

The greater salinity the deep water compared with that the surface 
(Table II) has further effect increasing the resistance mixture with 
the result that vernal circulation may incomplete even when the lakes are 
homothermous. Thus Bitter Lake May 26, 1939, the bottom oxygen 
was only 0.4 cc. per litre when the temperature was Redberry 
Lake vernal circulation was complete and the bottom oxygen more than cc. 
per litre 1939, 1940, and 1941. The salinity Redberry higher than 
that Bitter but, explained above, the latter small and sheltered from 
the wind. Manito Lake, which also large and exposed but more saline, 
did not undergo complete circulation the years 1938, 1939, and 1942. 
The bottom oxygen was never above 2.1 cc. per litre. also noteworthy 
that Redberry Lake was still stratified Sept. 24, 1940 (Fig. least 
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month after all the fresh lakes the region would have undergone complete 
circulation. Hutchinson (13) has developed mathematical theory the 
stability saline lakes but its application requires more minute data than are 
yet available for the lakes under discussion. suggested that Little 
Manitou, Manito, Redberry, Bitter and Deep lakes offer exceptional oppor- 
tunities for the investigation the effects high salinity thermal and 
oxygen cycles. 

The freezing point the water the saline lakes has been tested the 
laboratory. Little Manitou Lake water with 120,000 p.p.m. total solids 
and density 1.099 has freezing point The freezing 
point Manito Lake with 20,000 p.p.m. was —1.1° and Redberry Lake 
with 15,578 p.p.m., This lowering the freezing point delays the 
formation the ice and hastens its melting the spring thus shortening 
the period ice cover. This might have important biological effect 
shallow lakes where oxygen depletion under the ice may result the death 
fish prolonged winters. other lakes the shortening the period 
ice cover probably little importance. The other effects high salinity 
mentioned above, e.g., the lowering hypolimnial temperatures, are presum- 
ably greater biological significance. 


The second group lakes are moderate depth and the thermal strati- 
fication often destroyed even the midsummer period. result these 
lakes have some reduction the amount dissolved oxygen near bottom 
but rarely severe. The bottom water July and August reaches tem- 
peratures 20° compared with the first group where the same 
period bottom temperatures were from 10°C. The most saline lakes 
this group not differ greatly their thermal and oxygen relations from 
fresh lakes the same size and depth. 


The third group includes lakes that are definitely shallow and exhibit 
almost complete circulation throughout the summer. the bottom 
oxygen seriously depleted. Freshwater lakes such Lavallee and Tibiska 
the Prince Albert Park region (24) show physical conditions similar those 
this group. 


Two lakes, Little Manitou and Last Mountain, have been segregated 
special cases Table Little Manitou Lake, although very shallow 
(3.5 m.), has extremely high salinity (12%), which disturbs its circulation 
and makes quite different from the other shallow lakes. was indicated 
above, Glauber’s salt frozen out during the winter form crystal bed 
the bottom this lake. May 17, 1940, the lake was completely mixed 
with less than 1°C. difference between surface and bottom temperature 
(Fig. and with 8.5 cc. oxygen per litre throughout. this time also the 
salinity was uniform from top bottom (Table II). July the same 
year the bottom salinity had increased 30% result redissolving 
the sodium sulphate crystals. this time the temperature showed drop 
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the lowest half-metre and the bottom oxygen had dropped 0.4 cc. 
per litre. Sept. the upper water had cooled until the lake was again 
homothermous but the lower water was practically lacking oxygen (only 
0.1 cc. per litre, which might have been introduced during the titration 
the sample). was also indicated (Table II) that the bottom water was 
14% more saline than the surface. clear that the lack circulation has 
resulted from salinity rather than from thermal stratification. Such con- 
dition might described meromixis, term introduced Findenegg (6) 
1935 describe lakes which the circulation affected only the upper 
stratum (mixolimnion) while the deeper water (monimolimnion) remained 
stagnant. Little Manitou Lake shallow and sometimes, May, 1940, 
undergoes complete circulation. The lakes described Findenegg 
meromictic were mostly considerable depth and had neither vernal nor 
autumnal periods complete circulation. 

Last Mountain Lake unusual for lake this depth that most 
years remains mixed from top bottom throughout the summer. Tem- 
perature observations were made each summer from 1938 1943. 
July 1939, there was suggestion thermal stratification and moderate 
reduction the dissolved oxygen the bottom water but was not 
July 22, 1943, that condition marked thermal stratification and oxygen 
depletion was observed. this date the bottom oxygen was only 0.5 cc. 
per litre and the whole hypolimnion, m., showed oxygen values 
less than cc. per litre. Five curves plotted Fig. show typical tem- 
perature series for the months May, June, July, Aug., and Sept. none 
these the surface temperature more than two degrees warmer than the 
bottom. The sixth curve, that for July 22, 1943, shows surface temperature 
warmer than the bottom and definite thermocline between the depths 

The thermal conditions Last Mountain Lake might contrasted with 
those described for Waskesiu Lake usually thermally 
stratified but one year seven (1929) circulation continued throughout 
the summer. The two lakes have similar maximum depths (24 m.) 
and both are too large obtain much shelter from the action the wind. 
The mean depth Waskesiu 11.1 and that Last Mountain only 5.3 
The greater extent the deep water Waskesiu may expressed 
indicating that the volume its hypolimnion, m., represents 28% 
the total volume compared with 11.6% Last Mountain. The greater 
hypolimnial volume probably the chief factor that makes possible for 
Waskesiu Lake resist circulation during the midsummer period most 
years. Last Mountain Lake with its smaller hypolimnion less stable and 
the wind usually prevents the establishment stratification. 


Observations the hydrogen ion concentration the various lakes are 
included Table They show that the the surface waters lie within 
the comparatively narrow limits 7.8 8.9 with one exception, Manito 
Lake 9.4. The bottom waters are usual slightly less alkaline than the 
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surface especially those lakes where considerable summer stagnation occurs. 
The these lakes indicates moderately alkaline condition, not sufficiently 
important justify their local description alkaline, rather than saline, 
lakes. 

The transparency light penetration the lake waters was measured 
with Secchi disk cm. diameter. The average all readings each 
lake indicated Table The freshwater lakes the forest zone have 
the greatest transparencies, averaging about and including occasional 
readings Most the lakes the series have transparencies 
from Six lakes listed Table and Little Quill Lake all had 
readings less. These were all shallow, mostly the open prairie, 
and had been stirred the wind previous the time examination. Since 
these lakes support moderate growth phytoplankton thought that 
the muddiness not continuous. should noted that the Secchi disk 
readings were all from the open water the lakes. several instances 
greater turbidity was observed the shallow near-shore region. None 
the waters examined showed any significant amount colour. 


Part II. Biological Studies 


The limnological exploration this area was begun 1938 with the 
expectation that its wide range salinities would provide opportunity for 
studying the effects salinity aquatic life. this was added the further 
aim investigating the productivity these lakes and especially their 
fisheries possibilities and limitations. 

1938 and 1939 many lakes were visited; physical, chemical, and biological 
data were collected. the same time attempt was made classify the 
lakes general way. Much the information appearing Part was 
obtained from these preliminary surveys. 1940 the physical and chemical 
nature the lakes was sufficiently known allow the selection series 
about lakes for more intensive biological study. Quantitative investi- 
gations the plankton Crustacea and the macroscopic bottom organisms 
were begun this time. Preliminary fish culture experiments were begun 
Redberry Lake 1940 and continued 1941. 1942 the junior author 
was not available and was necessary restrict the program using the final 
summer round out information several fields and verify certain preli- 
minary conclusions. The materials collected during the five-year period have 
been examined and most them are now the hands specialists the 
various fields. 

The present report the biological studies general nature partly 
because the bulk the information available but chiefly the expectation 
that several groups organisms will dealt with more thoroughly special 
workers. Three such papers have already appeared; Kuehne (18) reported 
the phytoplankton, Ide (15) mayflies, and Walker (33) the Odonata. 
The junior author has completed special study the Entomostraca the 
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saline lakes and study the bottom fauna eight lakes has been carried 
out Thompson (30). 
THE PHYTOPLANKTON 


Plankton was collected from all the lakes examined the period 1938 
1942. Some these lakes were visited several times different years 
and different seasons but owing the wide area under investigation 
was not possible make regular collections each lake throughout the 
season. Samples this kind are available only from Waskesiu and two other 
freshwater lakes the Prince Albert Park. Collections were made with 
closing nets No. silk bolting cloth patterned after the Wisconsin type 
but usually larger size. Total vertical hauls and surface tows were taken 
the stations where physical and chemical observations were made. 
some cases surface tows were made near shore but the bulk the collections 
was from the open water. litre plankton trap was used, chiefly 
quantitative study the Entomostraca. The phytoplankton 
examined Professor Kuehne St. Peter’s College, Muenster, Sask. 
who has published excellent account (18) with comments distribution 
and abundance. 

the plankton from lakes Kuehne found 292 species and varieties, 
including blue-greens, 112 greens, 111 diatoms, and other groups. 
This not regarded Kuehne rich algal flora but points out 
does not include the nannoplankton forms, which would pass through the net, 
and only few the rich variety species usually found near shore. Algae 
that grow the bottom attached submerged vegetation may become 
detached and mixed with the plankton wave action. Such forms have 
been described benthic elements false plankton. these sources had 
been sampled more thoroughly and more complete seasonal collections made, 
probable that the list would greatly extended. 

The common dominant forms are particular interest from the ecological 
point view. selection common species appears Tables and 
VII, which indicate also the number lakes which each was found, the 
distribution lakes varying salinity, and the relative abundance various 
salinities. The wide salinity tolerance these species most impressive. 
Many them range from fresh water salinities 10,000 and 20,000 p.p.m. 
The tabulation only the abundant species may give false impression 
the degree tolerance exhibited the algal flora. Species that are more 
limited tolerance occur fewer lakes and thus not appear the tables 
that list only common species. For this reason few species such Lyngbya 
contorta, two species Amphiprora, and two Surirella have been included 
the tables and other species limited distribution are mentioned below. 

Only small number, perhaps the 292 species, were found limited 
the definitely saline lakes, that is, lakes 700 more p.p.m. total solids. 
This figure does not include species, recorded from only one two lakes, 
that might therefore rare and show irregular distribution rather than 
restriction salinity. Another small group can selected strictly 
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TABLE 


OCCURRENCE OF ALGAE IN LAKES OF VARYING SALINITIES 


Num- Total solids in p.p.m. 
ber 
ot 100— | 200- | 400—- | 700— | 1000— | 2000- | 5000- |10,000- 20,000-—} 120,000 
BLUE-GREEN ALGAE 
Chroococcus limneticus 33 Cc | R | R 
C. limneticus subsalsus 21 O O R R R oO 
Aphanocapsa pulchra 33 Cc oO oO oO oO R 
Microcystis aeruginosa 35 Cc O ¢ 
Merismopedia punctata 14 R oO R R R R R Oo 
Merismopedia tenuissima 17 oO oO oO R R R 
Coelosphaerium 
Naegelianum 36 € € R Oo R 
Gomphosphaeria aponina 24 € oO Cc O R 
Lyngbya Birgei 34 O O ¢ O 
Lyngbya contorta 8 R O oO oO A 
Lyngby. limnetica 17 ¢ Cc oO R 
Anabaena flos-aquae 28 Cc A 
Anabaena Lemmermanni 20 A oO Cc € 
Aphanizomenon flos-aquae| 19 A € O A 
Gloeotrichia echinulata 13 € R R A R 
GREEN ALGAE 
Sphaerocystis Schroeteri 25 Cc Cc ¢ oO oO 
Pediastrum duplex 23 O R R R R R 
Dictyosphaerium 
pulchellum 21 oO Oo R R 8) 
Oocystis lacustris 17 R oO Cc R O ¢ R oO 
Scenedesmus bijuga 19 R ¢ O O c R O 
Scenedesmus quadricauda}| 21 O Cc oO R oO R 
Staurastrum paradoxum 30 O ¢ R R R oO 
MISCELLANEOUS 
Dinobryon divergens 27 A Cc A € 
Peridinium tabulatum 21 R oO R oO a) R R 


freshwater their distribution. This group less well defined than those 
restricted higher salinities. Most them are rare species, many them 
desmids, and suspected that their restricted distribution influenced 
factors other than salinity. 


Myxophyceae 

The list blue-green algae, Myxophyceae, includes species, and 
the more common are included Table VI. Most these range from fresh 
water salinities 5000 p.p.m. and few much higher. general 
they may said dominate the phytoplankton the saline 
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TABLE VII 


OcCURRENCE OF DIATOMS IN LAKES OF VARYING SALINITIES 


Num- Total solids in p.p.m. 
ber 
of 100— | 200— | 400— | 700— | 1000- | 2000-— | 5000— | 10,000—| 20,000—| 120,000 

lakes | 200 400 700 1000 | 2000 | 5000 | 10,000) 20,000 | 30,000 
Melosira granulata 31 Cc R R 
Cyclotella comta 14 oO R oO 
Cyclotella Meneghiniana 12 oO G 
Stephanodiscus niagarae 38 A Cc 4 Cc A c R R O 
Chaetoceros Elmorei 14 R R oO O O A A 
Tabellaria fenestrata 20 oO O oO 
Fragilaria capucina 25 Cc oO O Cc 0) 
Fragilaria crotonensis 47 A A Cc A A A R (@) oO 
Synedra ulna 27 R O oO oO oO 
Asterionel!a formosa 34 Cc A A oO R oO 
Rhoicosphenia curvata 14 R R oO 2 oO R oO 
Navicula cryptocephala 18 R oO O R ¢ oO R 
Navicula oblonga 18 R @) R oO Oo R R 
Navicula radiosa 17 R oO oO R R R 
Amphiprora alata 7 R Cc R R 
Amphiprora ornata 6 R R R 
Cymbella cymbiformis 16 O O oO R oO R R 
Epithemia turgida 19 R O O O O R 
Nitzschia sigmoidea 11 oO R R Oo R R 
Cymatopleura elliptica 13 R oO R R c R 
Cymatopleura solea 21 oO oO O R R R R 
Surirella Baileyana 8 R R oO Cc 
Surirella biseriata 5 R R 
Surirella ovalis 13 R oO O R oO c R 
Surirella ovata 17 oO Cc R oO Cc R R Cc 
Campylodiscus clypeus 10 R R R Oo R Cc 


noteworthy that the genera commonly found water blooms, i.e., Anabaena, 
Aphanizomenon, Microcystis, and Gloeotrichia, are rare the higher salinities. 
similar condition was observed Moore and Carter (22) who state that 
water blooms are rare the more saline lakes the northeastern part 
North Dakota. Five species that were confined saline waters have not 
been included Table VII. They are Chroococcus turgidus, Holopedia 
irregularis, Spirulina major, Oscillatoria limosa, and Nodularia spumigena. 
The last named special interest, since was described Moore and 
Carter the characteristic species saline lakes North Dakota. The 
species also occurs Europe and has been designated various authors, 
e.g. Trahms (32), definitely brackish water species. the present study 
was found eight lakes, most which are quite saline but one, Greenwater 
Lake, has salinity only 459 p.p.m. Thus the, species Saskatchewan 
lakes not severely restricted but its variety Nodularia spumigena var. major 
was found only lakes from 14,000 30,000 p.p.m. Another species 
interest and new variety, Lyngbya Birgei var. minor, 
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described Kuehne The typical form this species widespread 
being found lakes indicated Table VI, but the variety minor more 
common lakes high salinity. and its variety minor have the 
distinction being the only blue-greens found Little Manitou, the most 
saline Saskatchewan lakes. 

Three blue-greens collected along the shores lakes have been identified 
Kuehne and should recorded additions his list species. 
They are: 

Nostoc pruniforme Ag., from Deep Lake. 

Plectonema nostocorum Born., from Emma and Last Mountain lakes. 


Rivularia dura Roth., from Last Mountain Lake. 


Chlorophyceae 

The green algae, Chlorophyceae, are represented 112 species and sub- 
species, eight which are included Table VI. Kuehne points out that 
though numerous species they not make large part the algal flora. 
Moore and Carter (22) indicate that the Chlorophyceae are poorly represented 
saline lakes North Dakota and suggest that the species are 
intolerant increasing concentration salts and are therefore 
Nevertheless, the greens, like other groups algae have been shown capable 
surviving high concentrations salts under laboratory conditions. Smith 
(28) reports Chlorophyceae living Californian lakes with salt concentrations 
times that the ocean. 

the common species green algae included Table VI, two species 
Pediastrum stand out widely distributed, ranging from freshwater 
Little Manitou Lake, i.e. nearly four times salty the ocean. Nine species 
have been noted present only the more saline waters. These are Clado- 
phora crispata, Oedogonium sp., Enteromorpha prolifera tubulosa, Oocystis 
crassa, Lagerheimia Droescheri, subsalsa, longiseta, Tetraedron trigonum 
minor, and Scenedesmus bijuga alternans. two last named are varieties 
species that are widespread, occurring fresh and saline waters. They 
illustrate the common occurrence varieties much more restricted distri- 
bution than the parent species. 

the several groups green algae, the desmids are the least abundant. 
Only Staurastrum paradoxum, found lakes, has been included Table VI. 


Even the freshwater lakes the series have more salts and greater hardness 


than the optimum for this group. Collections from lakes the Precambrian 
rocks northern Saskatchewan have yielded more abundant desmid flora. 


Five additional species and varieties have been recorded Kuehne since 
the publication his list (18). 

Mougeotia genuflexa (Dillw.) Ag. from Murray Lake 

Closterium lunula (Muell.) Ralfs., Delaronde Lake 

Selenastrum Bibraianum Reinsch, Delaronde Lake 
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Staurastrum anatinum var. longibrachiatum and West, Delaronde 
Lake 
Staurastrum anatinum var. truncatum West, Turtle Lake 


Bacillariaceae 

The diatoms, Bacillariaceae, form considerable portion the phyto- 
plankton both fresh and saline lakes. Twenty-eight species, selected from 
Kuehne’s list 111, are shown Table VII. The dominant forms are 
the common genera such Melosira, Stephanodiscus, Fragilaria, and 
ella. Six species were noted confined the more saline lakes; these were 
Chaetoceros Elmorei, Pleurosigma elongatum, Amphiprora alata, Amphora com- 
mutata, Surirella Baileyana, and Campylodiscus clypeus. Most these are 
widely known from saline and brackish waters. Other species, not limited 
saline water but tolerant the whole range represented these lakes 
are Cyclotella Meneghiniana, Cymatopleura solea, and Surirella ovalis. The 
species, Chaetoceros Elmorei, belonging ‘marine’ genus lakes, 
mostly high salinity. was surprising find Madge Lake where the 
total solids are only 414 p.p.m. and the general conditions approaching those 
Bailey (1) from the Quill Lakes and indicated Huntsman (12) dominant 
these lakes May, 1920, was not recorded Kuehne the collections 
1938-40. absence this species the more surprising since -was 
indicated Bailey one the species regarded wholly 
The figures given Huntsman show that 1920 this species was much more 
abundant Little Quill with salinity 11,000 p.p.m. than Big Quill 
with 16,500. This fact, together with its absence from recent collections 
both lakes, which now show salinities 20,000 and 30,000 respectively, suggests 
that the species may not tolerant salinity was previously assumed, 
that the species from the Quill lakes may not identical with the marine 
form. 

Two additional diatoms have been reported Kuehne follows: 

Gyrosigma acuminatum (Kuetz.) Rabenh., Madge and Turtle lakes. 
Gyrosigma balticum (Ehrb.) Rabenh., Turtle Lake. 


‘ 


Miscellaneous Algae 

The brown algae, Heterokontae, were represented only three species; 
Botryococcus Braunii and Characiopsis sp., which ranged from fresh water 
high salinities, and the third, minus, which was confined the 
more saline lakes. Braunii very cosmopolitan species. has been 
recorded Hutchinson al. (14) from pans South Africa where the 
ranged from 5.4 9.8. The Chrysophyceae included four species 
Dinobryon, three freshwater lakes and fourth, Dinobryon divergens, 
lakes from fresh moderate salinity. fifth species, Dinobryon sociale 
var. americanum Bachm., has since been identified from Brightsand Lake 
and another chrysophycean, Mallomonas caudata from Round Lake 
near Prince Albert. The Dinophyceae were five species; Glenodinium 
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pulvisculus, three species Peridinium, including tabulatum, found 
fresh fairly saline waters, and the ubiquitous Ceratium hirundinella, found 
lakes, often large numbers. 

observing the distribution the various groups algae different 
salinities was clear that when variety occurred well the parent 
species, the variety usually had much more restricted distribution than the 
parent. was also noted that the variety was often distinguished dif- 
ference size from the parent, sometimes larger and sometimes 
this connection note the statement West and Fritsch (35, 8), based 
the results several investigations, that algae grown experimentally 
highly saline solutions regularly show increased cell size. 
animals, the other hand, usually reach smaller maximum size fresh 
brackish waters than the same species more saline environment 
(29, 842). 

Little Manitou Lake has salinity 12% nearly four times that 
sea water. The next lakes the series, Manito, Little Quill, and Big Quill 
have salinities from and would expected they contain many 
(42) species algae that were not found the extreme salinity Little 
Manitou. Thirteen species were collected from Little Manitou Lake, 
including two blue-greens: Birgei and Lyngbya Birgei var. minor; five 
greens: Cladophora glomerata, Oedogonium sp., Enteromorpha prolifera tubulosa, 
and Pediastrum Boryanum; five diatoms: Amphora commutata, Cymatopleura 
solea, Surirella ovalis, and tumida; one 
dinoflagellate: Ceratium hirundinella; and unidentified branched form, 
possibly the green alga Ctenocladus, figured Kuehne (18, 
most these species are recognized tolerant saline water, probable 
that several have not been recorded from water this degree salinity. 


considering the affinities the phytoplankton flora the Saskatchewan 
lakes evident that many the species are cosmopolitan distribution. 
More than one-third the species and varieties listed are known from 
European waters and many are definitely world-wide. Only blue-greens, 
greens, and diatoms are definitely restricted North America and 
only few these the plains region. America the most obvious relation- 
ship with the flora lakes North Dakota, region not far distant and 
with similar climatic conditions. Considering only the common species 
listed Tables and VII, blue-greens and greens. were listed 
Moore and Carter (22) from lakes North Dakota. the common 
diatoms, more were found Young Devils Lake (37). the other 
hand the phytoplankton Great Salt Lake and the saline lakes the 
Lahontan Basin Nevada show little relationship that the Saskat- 
chewan lakes. Flowers (7) records four blue-greens and two greens from 
Great Salt Lake. The blue-greens are, Utahensis, Microcystis 
Oscillatoria tenuis natans, and tenuis tergestina. The genus 
was not found the saline lakes Saskatchewan and only 
one rare species Waskesiu Lake. was not found 
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Saskatchewan and Oscillatoria tenuis only small numbers from fresh lakes 
Little Quill. The green algae Great Salt Lake were Tetraspora lubrica 
and Chlamydomonas sp., the former belonging family that was not recorded 
the Saskatchewan collections. 

Hutchinson (13) his description Big Soda Lake, the most saline 
the Lahontan group, reports two species blue-greens, Oscillatoria chalybea 
and Spirula [sic] (presumably Spirulina) subsalsa. Neither these were 
found Saskatchewan. the Carson lakes and Big Washoe the same 
region collected two greens, Pediastrum duplex and Eudorina elegans, both 
cosmopolitan species. Little Washoe Lake, temporary freshwater pond 
the same region yielded algae, which only three species, including the 
widespread Boryanum, were found 
Hutchinson attributes the scarcity phytoplankton these shallow lakes 
suspended mud rather than alkalinity. surprising, however, 
that Big Soda, deep clear saline lake should have few algae. 


The close relation between the floras saline lakes Saskatchewan and 
North Dakota and the lack affinity with those Utah and Nevada might 
related the fact that the first two groups are the same area, glaciated 
the continental ice sheet, while the last two lie west the Rocky Mountains 
territory covered one smaller Cordilleran ice sheets and long separated 
from the interior plains. 

The phytoplankton the lakes southern Saskatchewan includes numerous 
species that tolerate and even thrive waters ranging from fresh salinities 
20,000 p.p.m. These species can termed euryhaline. About six species 
from each the blue-green, green, and diatom groups have been mentioned 
above restricted the higher salinities and could thus termed steno- 
haline. more detailed classification, established Kolbe (17), has been 
used most European workers e.g. Klock (16). Typical marine forms are 
distinguished euhalobionts. might considered that none this 
group found the saline lakes Saskatchewan although few species such 
Chaetoceros Elmorei represent genera that are typically marine. Meso- 
halobionts are brackish forms that presumably intergrade with marine forms 
and with the salt tolerant group freshwater species. Forms that have their 
main distribution fresh water are termed oligohalobiont and three sub- 
groups are recognized. The first are halophiles, which well brackish 
saline waters. The intermediate group, termed indifferent oligohalobionts, 
undoubtedly the largest group. The third group, the halophobes, which 
are damaged even low salt concentrations, are probably smaller group, 
including doubt some the desmids and the Volvocaceae. 
extensive study such this, difficult sure that the limitation 
certain species fresh water may not due accidents distribution 
factors other than salinity. While the above scheme considered have 
some value have not sufficient data attempt complete classification. 
If, commonly believed, the prairie lakes have had history rising 
and falling levels, the resulting variations salinity would tend favour the 
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tolerant forms and exclude those sensitive narrower limits. any 
case the plankton flora the lakes southern Saskatchewan can described 
dominantly euryhaline. 

HIGHER PLANTS 


The rooted aquatic plants and those around the lake margins have been 
examined part the ecological survey. attempt has been made 
quantitative study detailed mapping although Thompson (30), 
ecological study the bottom fauna eight lakes, has indicated the boundary 
the littoral zone, which defines approximating the outward limit 
rooted aquatic vegetation. are much indebted the late Fraser 
the University Saskatchewan who identified all the higher plants repre- 
sented the collections. 

The more common rooted aquatic plants the Saskatchewan lakes include 
species, which are shown Table VIII, arranged order their occur- 
rence lakes varying salinities. The fennel-leaved pondweed, Potamogeton 


TABLE VIII 


DISTRIBUTION OF COMMON ROOTED AQUATIC PLANTS IN LAKES OF VARYING SALINITIES 


Was- 
kesiu | Turtle} Murray Jackfish| Echo Stoney 
p.p.m. 
Potamogeton pectinatus + + + + + + + + 
Ruppia occidentalis + + + + + 
Potamogeton richardsonii + + + + + + 
Myriophyllum spicatum + + + + + + 
Utricularia macrorrhiza + + + | 
Sagittaria cuneata + + + | | 
Potamogeton zosteriformis + + 
Potamogeton strictifolius + | | | 
| 


pectinatus, the most widespread, ranging from fresh water Little Quill 
Lake with salinity 20,000 p.p.m. but not found Big Quill. Huntsman 
(12) reported this species abundant both the Quill lakes 1920 when 
their salinities were much lower (Table III). The ditch-grass, Ruppia, 
also highly resistant salinity although its occurrence Redberry Lake was 
mostly bays with some inflow, where salinities would lower than the 
open lake. Chara, which not higher plant but important rooted 
aquatic, thrives Stoney Lake 7870 p.p.m. and all lakes lesser salinity. 
Chara fragilis from Stoney Lake the only species that has been identified. 
The remaining species were found fewer lakes, Potamogeton strictifolius var. 
rutiloides being collected only Waskesiu Lake. Three other species 


are recorded Fraser and Russell (9) from Waskesiu Lake but 
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have not been included the table. Intensive collecting the saline lakes 
comparable that which has been carried Waskesiu Lake would 
probably reveal wider distribution for several the species listed Table 

Several species were common near the water’s edge. These include 
Scirpus paludosus and other species, Typha latifolia, and several sedges 
the genus Carex These are widespread species and with the possible 
exception paludosus they show preference for saline locations. 

The exposed shores the saline lakes have very characteristic flora 
halophytic species, many which are found mainly along the sea coast. 
The following list species includes the most common these forms 
collected the present study. 


Triglochin maritima L., seaside arrow- Chenopodium salinum Standl., oak- 
grass leaved goosefoot 

Distichlis stricta (Torr.) Rydb., alkali- Monolepis Nuttalliana (Schult.) Greene., 
grass spear-leaved goosefoot 

Nuttalliana (Schultes) rubra Nels., samphire 
Nuttall’s alkali-grass Suaeda depressa (Pursh) Wats., western 

Spartina gracilis Trin., alkali cord-grass sea blite 

Eleocharis palustris (L.) and S., Sueda erecta (S. Wats.) Nels., erect 
creeping spike-rush sea blite 

Scirpus paludosus Nels., prairie bul- Spergularia salina Presl., salt 
rush marsh sand spurry 

Atriplex hastata L., halberd-leaved Halerpestes (Ranunculus 
atriplex (Pursh.) Greene, seaside crowfoot 

Chenopodium rubrum L., Glaux maritima L., sea milkwort 
foot 


Representatives the Chenopodiaceae species) and Gramineae species) 
are predominant the above list. Five species, Salicornia rubra, Distichlis 
stricta, Suaeda erecta, Atriplex hastata, and Triglochin maritima are found the 
most saline locations. They tend found the order shown suc- 
cession away from the lake toward less saline soils. These typical halophytes 
appear have more less world-wide distribution the species 
listed above least seven were recorded common around Great Salt Lake 
Flowers (7) his careful study the vegetation that region. This 
direct contrast the lack affinity between phytoplankton two regions, 
possibly because the isolating effect the Rocky Mountains and the 
greater difficulty dispersal the algae compared with higher plants. 


THE ZOOPLANKTON 


The nature and extent the net collections were indicated the discussion 
the phytoplankton. These collections were also examined the distri- 
butional study zooplankton forms. litre trap was employed lakes 
selected for quantitative study the plankton Crustacea. Chryso- 
phyceae and Dinophyceae have been considered along with the algae, leaving 
the Rotifera and Entomostraca for discussion. 
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Rotifera 


The rotifers collected from lakes 1938 were identified Mr. 
Myers Ventnor, N.J. records limnetic species and five that were 
considered stragglers from the littoral zone. The limnetic species and their 
distribution with respect salinity are indicated Table IX. The dominant 
Keratella cochlearis 13, and quadrata lakes. 


TABLE 


OCCURRENCE OF ROTIFERS IN LAKES OF VARYING SALINITIES 


Total solids p.p.m. 
1000 2000 5000 20,000 30,000 
Brachionus angularis 
Brachionus plicatilis 
Brachionus satanicus 
Filinia longiseta 
Lindia euchromatica 
Kellicottia longispina 
Notholca striata 
Pedalia mira 


Two genera, Brachionus and Pedalia are noted dominating the highly 
saline lakes. Brachionus plicatilis, found only Manito Lake, was recorded 
Bryce (2) from Devils Lake, N.D., and Hutchinson (13) from lakes 
the Lahontan Basin Nevada and (14) from pans South Africa. Brachionus 
plicatilis spatuosus was abundant Big and Little Quill Lakes. This variety 
was known only from Devils Lake, was also Brachionus satanicus found 
abundantly Little Quill Lake. The Pedalia were recorded Myers 
representing two species, sp. (near fennica) and mira. sp. was 
found two lakes moderate salinity and Manito Lake, mira only 
Wilson’s Lake. Mr. Neal, the Department Zoology, University 
Toronto, working the taxonomy and distribution the genus Pedalia. 
suggests that considerable confusion already exists the identification 
the genus Pedalia, better indicate the forms found the saline lakes 
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Saskatchewan Pedalia sp. till his work the revision completed 
and the identification the forms more clearly designated. 


effort was made sample the littoral fauna 1938 but usual few 
species commonly found near shore were taken the open water. These 
include Colurella colurus from Kenosee Lake, Diurella stylata from Murray, 
Euchlanis dilatata from Greenwater, pyriformis from Fishing, and Monostyla 
lunaris from Murray Lake. littoral species special interest was Lindia 
euchromatica from Greenwater Lake, previously reported only from Linsley 
Pond, Conn., U.S.A. 


The rotifers are widely studied group and much information concerning 
their distribution and ecology has been accumulated. intensive study 
the collections from Saskatchewan lakes should prove considerable interest. 


Entomostraca 

Since this group was chosen for special investigation the junior author 
will considered here only general way. Table lists the more 
common species and indicates their distribution with respect salinity. 
The Entomostraca collected 1938 were identified Dr. Carl, 
Provincial Museum, Vancouver. All the remaining material 
identified the junior author. 


The Phyllopoda are represented only one lake, Little Manitou, and by. 
one species, Artemia salina. This ‘brine shrimp’ the dominant form among 
the few crustacea living this highly saline lake. The genus world- 
wide distribution and restricted very high salinities. abundant 
Great Salt Lake, Utah, which appears the only other locality the 
central part the continent from which reported. 


The Cladocera include more than species, five which may con- 
sidered dominants, Diaphanosoma leuchtenbergianum, Daphnia longispina, 
Bosmina obtusirostris, Chydorus sphaericus, and Ceriodaphnia quadrangula. 
Daphnia longispina was the most tolerant salinity, ranging from fresh water 
Little Manitou Lake although very rare the latter. Several other species 
tolerate salinities 15,000 p.p.m. but only one, Moina hutchinsoni, found 
Manito Lake, appears restricted the more saline waters. This 
species recorded from saline waters Nevada Hutchinson 
few collections were made the shallow, near-shore regions but among the 
more common littoral species were found Jilyocryptus acutifrons, Ceriodaphnia 
reticulata, Alona rectangula, and Alonella nana. 


The Copepoda include species with Diaptomus tenuicaudatus, Cyclops 
viridis, and bicuspidatus the dominant forms. Unlike the Cladocera, 
there were several species copepods that were confined the more saline 
waters. Diaptomus shoshone and siciloides were this group although they 
have not been considered preferring saline water. Two unusual species, 
Cletocam ptus albuquerquensis and Laophonte mohammed, were found, the former 
only Little Manitou and the Quill lakes, all highly saline. albuquer- 


9 


7 
q 
q 


RAWSON AND MOORE: SALINE LAKES SASKATCHEWAN 


TABLE 


OccURRENCE OF ENTOMOSTRACA IN LAKES OF VARYING SALINITIES 


Total solids in p.p.m. 


1000 2000 5000 10,000 20,000 30,000 


Phyllopoda 
Artemia salina | D4 


Cladocera 
Sida crystallina 
Diaphanosoma | | 
leuchtenbergianum x 
Daphnia pulex 
Daphnia longispina x 
Simocephalus vetulus x 
Scapholeberis mucronata X 
Ceriodaphnia quadrangula 
Bosmina obtusirostris x 
Eurycercus lamellatus x 
Alona costata x 
Alona rectangula 
Graptoleberis testudinaria 
Pleuvoxus denticulatus X 
Chydorus sphaericus x 
Chydorus gibbus 
Polyphemus pediculus 4 
Leptodora kindtii xX 


Copepoda 
Diaptomus tenuicaudalus 
Diaptomus oregonensis xX 
Diaptomus shoshone 
Diaptomus siciloides 
Cyclops viridis Xx 
Cyclops bicuspidatus 
Cyclops leuckarti 
Cyclops albidus 
Cyclops serrulatus 
Cyclops fimbriatus 
Cletocamptus aibuquerquensis x x 
Laophonie mohammed 


quensis was recorded Young (37) from Devils Lake, N.D. Laophonte, 
ranging from 770 14,000 p.p.m., clearly euryhaline. 


The numbers plankton crustacea have been studied the junior author 
series eight lakes. partial summary these results appears 
Table XII along with quantitative data the number bottom organisms. 
The plankton samples were taken with litre trap. each lake from 
samples were taken different depths and different seasons. 
The plankton Crustacea were most numerous Stoney and Last Mountain, 
two lakes moderate salinity. The freshwater and slightly saline lakes 
averaged about 400 Entomostraca per litre and Little Manitou had only 40. 
These results will discussed further when dealing with the quantity 
bottom organisms. 


175 
200 400 700 


176 CANADIAN JOURNAL RESEARCH. VOL. 22, SEC. 


series measurements the total net plankton was made lakes 
1942 general comparison with similar measurements made lakes 
the Prince Albert Park and alpine lakes the Rocky Mountains. The 
plankton hauls were made with closing nets No. silk bolting cloth 
having mouth diameter cm. The samples analysed were all total 
vertical hauls from the open water the lakes. view the seasonal 
fluctuation exhibited lake plankton obvious that too much weight 
should not given any individual sample. The average for several lakes 
may have more significance general indication plankton production 
the region. The results the analyses appear Table with the lakes 
arranged order decreasing salinity. facilitate comparison with 


TABLE 


ANALYSES TOTAL VERTICAL HAULS PLANKTON FROM 1942 


Date Dry Organic Organic Dry 
Lake weight, matter, matter, weight, kgm. 
sampling mgm. mgm. per ha. 
Manito June 157 144 
Stoney 409 291 374 
Lenore July 159 145 
Last Mtn. July 107 144 
Echo June 208 135 190 
Turtle Aug. 108 98.8 
Average 132 121 


other results the amount and percentage organic matter also indicated. 
This was determined ashing the dry plankton and assuming that the loss 
ignition represented organic matter. The quantity plankton also 
expressed kilograms dry weight per hectare, using the average efficiency 
factor determined for these nets 4.5. The more saline lakes show con- 
siderably larger quantity plankton than the less saline and fresh lakes. 
The average dry weight plankton the first six 190 mgm. and the 
salinities run from 1285 19,000 p.p.m. The average the remaining five 
mgm. and the salinities from 223 528 p.p.m. The average for all 
lakes 141 mgm. somewhat greater than the average Waskesiu Lake 
100 and very much greater than that six alpine lakes the Rocky Moun- 
tains, which averaged 29.1 mgm. question higher plankton 
production lakes medium high salinity will below along 
with similar data the bottom fauna. 
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THE Bottom FAUNA 


The macroscopic animals the lake bottoms were sampled dredging 
and general collecting the region near shore. Such collections were 
made regularly but not intensively all lakes visited 1939. When the 
more intensive study eight lakes was begun 1940, the bottom fauna was 
examined Thompson (30). Further information the bottom fauna 
was obtained 1941 and especially 1942. expected that the detailed 
taxonomic and distributional material will presented separate report. 
The present study includes data dominant and other species special 
interest, their distribution relation salinity, and summary the 
quantitative results. 

The main groups represented the bottom fauna are listed Fig. 
which indicates also the approximate distribution these with respect 
salinity. Since the collections were from more than lakes probable 
that the range the more common forms fairly well defined. The restric- 
tion less common forms may well due accidents distribution, seasonal 
variation, incomplete collections. 


Hydra, most cases clinging rooted aquatic plants, was collected 
from Waskesiu, Jackfish, and Last Mountain lakes. inconspicuous and 
may widespread. Jackfish Lake with 1210 p.p.m. and Last Mountain 
with 2550 are considerable salinity for organism usually considered 
freshwater distribution. 


Bryozoa 
Plumatella was found Echo Lake, 1285 p.p.m., and freshwater lakes 


the Prince Albert Plumatella repens and statoblasts both Plum- 


atella and Pectinatella have been taken near-shore plankton tows Waskesiu 
Lake. 


Turbellaria 


This one the few groups that were definitely restricted freshwater 
lakes. They were common dredgings from Turtle Lake and from several 
lakes the Prince Albert Park. 


Nematoda 


Unidentified free-living nematodes were common the dredgings from all 
lakes and including Redberry Lake, 14,200 They were unusually 
abundant (58 per sq. m.) Echo hair-worm Gordius was collected 
from six lakes ranging from fresh water p.p.m. total solids. 


Annelida 


The oligochaetes, mostly Tubificidae, were abundant, averaging per 
sq. lakes and including Last Mountain, 2500 p.p.m. few speci- 
mens were taken also from Redberry Lake, 14,200 p.p.m. 1941. 
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The leeches, represented species, show gradual diminution from 
fresh saline waters. They are most abundant, averaging per sq. m., 
the lakes from fresh water 770 p.p.m. They are common per 
sq. m.) from this 2250 and few have been collected along wave-washed 
shores lakes higher salinities. The dominant species are Helobdella 
stagnalis, Glossiphonia complanata, both found from shore down consider- 
able depths and punctata more common shore and shallow 
water. obscura, Dina parva also were numerous. Dina fervida, 
Haemopis marmoratis, Placobdella parasitica, and Theromyzon occidentalis 
were less numerous but taken from three five lakes. 
occidentalis was taken along the shores two highly saline lakes, Stoney 
7870 and Redberry 14,200 p.p.m. new glossiphonid found Turtle Lake 
being described Dr. Myers. The Piscicolidae, identified Dr. 
Meyer, included specimens Piscicola punctata, Illinobdella moorei, and 
Cystobranchus sp. All other families were identified Dr. Myers 
Colgate University. 

Mollusca 


The Gastropoda have been identified Dr. Oughton the Royal 
Ontario Museum, Toronto, who records species. The dominants are 
Lymnaea stagnalis, Gyraulus hormensis, Physa sp. nr. gyrina, Valvata tricarinata, 
and Stagnicola sp. nr. palustris. The gastropods were common all depths 
lakes Last Mountain, 2550 p.p.m. which they averaged 660 per 
Lake with 2915 p.p.m. and Fishing with 3227 had much smaller 
numbers gastropods. Stoney Lake, 7870 p.p.m., scattered individuals 
Gyraulus were found and Redberry, 14,200 p.p.m., few Stagnicola palustris. 
both these more saline lakes the gastropods were restricted the wave- 
washed area near shore. would seem that salinity began harmful 
gastropods about 3000 p.p.m. (30) concluded that they were 
limited some direct, physiological effect rather than indirectly the 
destruction plants which they fed had been suggested Mozley (23). 

The Sphaeriidae collected 1938 were examined Dr. Brooks 
the Carnegie Museum, Pittsburg, who recorded Pisidium variabile, com- 
pressum, rotundatum, and Sphaerium sulcatum. indicated that complete 
identifications were impossible until the taxonomy the group was revised. 
The later collections are being studied the Rev. Herrington 
Newburgh, Ont., who reports progress toward revision. The upper limit 
salinity tolerance more sharply marked the sphaeriids than the 
gastropods. Sphaeriids were common, averaging per sq. Last 
Mountain Lake with 2550 p.p.m. and all lakes lesser salinity. They 
were very rare Wakaw and Fishing lakes and absent from all those 
salinity greater than 3200 p.p.m. 

The larger pelecypods were represented four species the family 
Unionidae identified Oughton. Anodonta grandis footiana was the 
most common occurring Turtle and other freshwater lakes. Anodonta 
marginata and kennicotti were found Waskesiu and Halkett lakes 
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the Prince Albert Park and near-by Delaronde Lake. Lampsilis siliquoides 
rosacea, species common the North and South Saskatchewan Rivers was 
found Round Lake near Prince Albert. The salinity here 1307 p.p.m. 
and this our only record larger pelecypods from saline lakes. 


Crustacea 

Two amphipods, and Gammarus limnaeus, were found 
most the lakes studied. was present more than lakes includ- 
ing Manito, Little Quill, and Big Quill. Gammarus was found practically 
all the lakes and including Redberry with salinity 14,200 p.p.m. 
but not Manito and the Quill lakes. Thus Hyalella appears tolerate 
somewhat higher salinities than Gammarus though both are euryhaline. 

Neither species was found Little Manitou Lake. 

The amphipods were very numerous, second only the chironomid larvae 
numbers and total weight bottom organisms. They averaged more than 
250 per sq. over all depths and all lakes. Chara and other kinds 
dense vegetation populations several thousand per sq. were frequently 

_observed. Gammarus was more common near shore and occurred. sparingly 
was most abundant the sublittoral, which most lakes lay between depths 
m., and was usually scarce the profundal. 

The crayfish, Orconcetes (Cambarus) virilis, common Echo and Last 
Mountain lakes and occurs also Greenwater Lake, the northeast. 
has not been found any the fresh saline lakes the central western 
part the area under consideration. remarkable therefore that has 
been collected from Cold Lake northwest from Brightsand the Churchill 
drainage and Beaver Lake near Flin Flon. The latter near the eastern 
boundary Saskatchewan and well the Precambrian shield though 
still the Saskatchewan River drainage. 


The hydrachnids have been identified Dr. Ruth Marshall, Wisconsin 
Dells, Wisc., who records species. Those most widespread and numerous 
were Eylais sp., Limnesia undulata, Piona interrupta, turgida, Diplodontus 
despiciens, and Neumania semicircularis. The less common species included 
Hydrachna conjecta, cruenta, geographica, Limnesia fulgida, Limnesiopis 
anomala, Neumania punctata, Piona pugilis, and Arrhenurus prominulus. 
should noted also that Dr. Marshall had previously recorded seven other 
species from material collected the senior author Waskesiu Lake (20). 
Hydrachnids were especially numerous Jackfish, Echo, and Last Mountain 
lakes ranging from per sq. the littoral zone. These lakes are 
intermediate salinities, 1210 2550 p.p.m. The water-mites were much 


less abundant fresh water and also the highly saline lakes. Most the 


interrupta and turgida were found depths and Last Mountain 


Lake. 
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Trichoptera 

The caddis flies, both larval and adult, have been identified Dr. 
Ross the Natural History Survey. The saline lakes the grassland 
and parkland areas appear have fewer caddis flies than the lakes the 
forest zone. Milne (21) intensive study the caddis flies Waskesiu 
Lake reports species and numerous larvae that were not identified species. 
the saline lakes Dr. Ross found about species. The dominants were 
Molanna flavicornis, longicornis, Phryganea cinerea, and 
copsyche borealis, all species wide distribution. The larvae Leptoceridae 
and Phryganeidae were common dredgings, mostly the littoral zone and 
rarely deeper than five metres. The greatest concentration all groups was 
the upper half-metre water. Murray Lake had unusually heavy 
caddis fauna, about per sq. most lakes they contribute less than 
the macroscopic bottom population. 

The caddis larvae were abundant fresh lakes and common salinities 
14,200 p.p.m. Redberry Lake. Redberry and Stoney lakes 
they were more concentrated near the water’s edge than lakes lesser 
salinity. There were no* caddis flies the four most saline lakes suggesting 
upper limit tolerance between 15,000 and 20,000 p.p.m. This observa- 
tion accord with that Huntsman (12) who found few caddis flies 
the Quill Lakes 1920 when they had salinities comparable the present 
salinity Redberry Lake. 

Odonata 

Extensive collections Odonata have been examined Dr. Walker, 
Department Zoology, University Toronto, and the records have been 
incorporated his list the Odonata Saskatchewan (33). the 
species listed, have been collected the lakes considered the present 
study. Many nymphs the Zygoptera and few Anisoptera have been 
collected the large proportion these nymphs were the genus 
Enallagma with boreale and clausum predominating. Zygopteran 
nymphs were common the freshwater lakes the forest zone but rare 
even the moderately saline lakes. Nymphs the Anisoptera were found 
all lakes except Little Manitou. Stoney Lake, with salinity 7870 
p.p.m., had the heaviest population encountered, per sq. Redberry, 
Manito, Little, and Big Quill each supported small numbers. One species, 
Enallagma clausum, appears show preference for saline lakes 
reported from Saskatchewan from eight lakes, all saline except Namekus, and 
Hutchinson (13) from the saline lakes Nevada. 


The beetles have been identified Dr. Dietrich the Boyce Thompson 
Institute, New York, except the Gyrinidae, which were determined Dr. 
Chamberlain Albany, New York. Thirty-seven species have been 
recorded from the main series lakes, not including Waskesiu which 


single caddis larva was collected the shore Little Quill Lake July 1939. 
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special study has been made. Waskesiu species have been found, only 
four which were found the lakes the parkland and grassland areas. 
Some the latter are not saline the difference cannot attributed 
that factor. 

The Dytiscidae were represented numerous species, including nine the 
genus Coelambus. salinarius was confined definitely saline lakes, 
Last Mountain, Redberry, Big, and Little Quill. punctulatus was found 
only Manito Lake. The most common hydrophilid was Enochrus diffusus 
found many lakes from freshwater Little Manitou. has been recorded 
Thorpe (31) from highly saline water Death Valley, Calif. The haliplids 
were few with Haliplus strigatus widespread. Several species the genus 
Gyrinus were common with maculiventris and confinus dominant. 
most groups organisms there were many widespread species and few, 
such Coelambus salinarius, stenohaline distribution. The most striking 
feature the distribution the beetles was the great difference between 
the species found lakes the forest zone and those the prairie. Greater 
overlapping the faunas might have been expected group capable 
free migration. 


The Hemiptera were identified Dr. Hungerford, the University 
Kansas, who found total species including one Trichocorixa that 
had not been described. Seventeen species were collected from the general 
series lakes and from Waskesiu. Half the species found Waskesiu 
were found also the southern lakes, situation quite different from that 
the aquatic bettles mentioned above. The bulk the collection was made 
three genera Notonecta, Trichocorixa, and Arctocorixa. Notonecta 
was more common the saline lakes than verticalis 
was found the more saline lakes. has been recorded Hutchinson (13) 
from lakes the Lahontan Basin Nevada. Another species Trichocorixa, 
not yet described, was abundant several saline lakes including Big and 
Little Quill. The whole genus appears tolerant salinity and some 
species show definite halophilic tendencies. seven species Arctocorixa 
the more common were dakotensis, trilineata, and solensis. Two 
species Gerris, buenoi and nyctalis were confined the less saline lakes 
the forest zone. 


The Hemiptera group are very tolerant salinity. They were found 
all lakes except Little Manitou and the heaviest population was Red- 
berry Lake, salinity 14,200 p.p.m. Nymphs were taken frequently the 
shallow water dredgings and few down Last Mountain Lake. 


Ephemeroptera 

The Ephemeroptera were identified Dr. Ide the University 
Toronto. Mayfly nymphs were common the dredgings and often averaged 
more than per sq. Since nymphal material usually not capable 
specific determination and since rearing was carried only Waskesiu 
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Lake, the number species reported quite small. Nymphs the genus 
Caenis were predominant and occurred all lakes the salinity Last 
Mountain. nymphs were common lakes from moderate salinities 
e.g. 700, Redberry and Manito lakes and the adults americanus 
and skokiana were collected from five lakes. Nymphs Blasturus were 
common the less saline waters with cupidus Turtle and other northern 
lakes. The large burrowing nymphs Ephemera simulans and Hexagenia sp. 
were found only fresh slightly saline lakes the forest region. The 
Heptageninae, including Stenonema tripunctulatum had similar distribution. 
Most interesting among the mayflies was the new species Lachlania saskat- 
chewanensis described Ide (15) from Stoney Lake. This the first North 
American species neotropical genus known formerly from Guatemala, 
Cuba, and Ecuador. 


Diptera 


Among the Diptera the Chironomidae were usual the dominant group. 
Chironomid larvae contribute more than half the total numbers bottom 
organisms and nearly half the total weight. the case the mayflies, 
there has been little rearing and consequently few species have been named. 
The large species Chironomus plumosus and hyperboreus were found regularly 
from fresh lakes the salinity Redberry. The genera Cryptochironomus, 
Procladius, and Tanytarsus were most abundant and least six other groups 
were represented. Larvae Tanypus and Spaniotoma were found Manito 
Lake and few unidentified larvae the Quill lakes. The distribution 
chironomids shows little relation salinity through most the range but 
they were not present Little Manitou Lake. 


Larvae Corethra were found lakes chiefly the northern and wooded 
areas. few larvae were found Stoney Lake but with this exception 
there were none waters any considerable salinity. Although absent from 
lakes the prairie region they are common the pools and sloughs that 
area. Numerous larvae Chaoborus (Corethra) sp. have been collected 
Waskesiu and other lakes the forest region. 


Larvae the Ceratopogonidae were especially numerous Turtle, Jackfish, 
and Redberry lakes. Like Corethra they are rare absent from the southern 
waters. Salinity does not appear affect their distribution. 


The Ephydridae were the chief bottom organisms Little Manitou Lake 
and were found also small numbers Manito. Dr. Rempel Regina 
College has determined the specimens from Little Manitou Lake Ephydra 
probably subopaca. Adults hians have been collected from several 
localities the saline lake region Saskatchewan. larvae are well 
known tolerant salt concentrations several times that sea water. 
Three species, gracilis, hians, and subopaca, are recorded Thorpe 
(31) from Owens Lake and the Salton Sea the desert regions California. 
The first two these species were also mentioned Flowers (7) occurring 
Great Salt Lake. This extreme halophilic tendency not shared all 
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members the the present study larval ephydrid was found 


Dolichopodid larvae the genus were also common Little 
Manitou Lake making one-fifth the bottom population. Ephydrid 
larvae contributed the remainder. were found only the fresh- 
water lakes, Waskesiu, Halkett, and Turtle. Syrphid larvae, probably 
were present dredgings from Christopher, Round, Madge, and 
Margo lakes. Several other groups Diptera were represented but not 
important numbers. 

THE QUANTITY BOTTOM FAUNA 


The quantitative examination the bottom fauna interest suggesting 
the basic productivity these lakes and providing direct indication 
the amounts potential food for fish. 


the general phase the survey 1938 and 1939 some 235 dredgings 
were taken from lakes. 1940 the intensive study eight lakes, 
Thompson (30) took 292 dredgings. The examination this material resulted 
certain tentative conclusions that were tested 1942 taking further 174 
dredgings from nine lakes. Thus total 800 dredgings has been taken, not 
including the large number from Waskesiu and other lakes the Prince Albert 
Park, which provide the starting point our series from fresh saline lakes. 
The analysis these data has shown that large number samples was 


necessary because the number and size the lakes and the extent the 
seasonal and annual variation their bottom populations. 


All dredgings were washed through three screens graded meshes and the 
organisms were counted, preserved, and weighed before being distributed 
specialists for systematic study. The animals from each dredging were 
weighed wet the wet weight was found practically equivalent 
live weight. dry weights number samples different organisms 
averaged 12% the wet weight this factor was used throughout. 
calculating the average for any lake the dredgings were grouped according 
depth zones and the average weighted according the relative areas 
these depth zones. 

summary the quantitative results from lakes presented Table 
XII and Fig. includes the eight lakes selected for special study 
1940, also Upper Waskesiu, and Manito lakes. these 
lakes was sampled considerable number dredgings, varying from 
141. The quantitative data from about other lakes which fewer 
than dredgings were taken does not lend itself generalization and should 
reported the detailed paper bottom organisms mentioned above. 
The average number organisms from the whole series lakes 1600 
per sq. and kgm. dry weight per hectare. exclude the data 
from Echo and Last Mountain lakes, which have unusually high productivity, 
the average about 1300 per sq. and kgm. per hectare, which still 
within the range for large eutrophic lakes studied America. The three 
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TABLE XII 


AVERAGE QUANTITIES OF BOTTOM ORGANISMS AND PLANKTON CRUSTACEA IN A SELECTED 
SERIES OF FRESH TO SALINE LAKES 


Bottom organisms Plankton crustacea 


Mean Average 
Salinity, Area, Average 
depth, Number dry Number Average 
p.p.m. sq. km. number 
m. of weight, of number 
per 
dredgings kgm. samples per litre 


sy. m. 
per ha. 


40 
411 
2019 
990 
270 
422 
477 


Little Manitou 
Manito 
Redberry 
Stoney 

Last Mountain 
Echo 

Jackfish 
Murray 

Turtle 

Upper Waskesiu 
Waterhen 


A 


~ 


PER LUTRE — — — 


AY. NO. ENTOMOSTRACA 


2 
” 
w 
a 
” 
= 
< 
a 


SALINITY P.P.M. 


Fic. average amounts bottom organisms and plankton Crustacea lakes 
different salinity. 


freshwater lakes, Waterhen, Waskesiu, and Turtle, show increasing amounts 
bottom organisms from Waterhen with p.p.m. Turtle with 279 p.p.m. 
total solids. Six saline lakes, Murray, Jackfish, Stoney, Redberry, Manito, 
and Little Manitou show gradual decline the amount organisms while 
Echo and Last Mountain stand out with amounts more than double the 
average the rest the series. Fig. only numbers are shown but, 
may seen from Table XII, the dry weights follow essentially the same 


order. 


185 
| 
118,000 24 
19,700 
14,200 1 64 
7870 27 
2550 | 53 
1280 | | 
1210 | 35 
770 43 
279 | 42 
171 | | 
92 | | | | 
| 4000 2000 
3000 | 
2000 1000 
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The reason for the high production Echo and Last Mountain Lakes has 
been given careful consideration and many additional dredgings were taken 
1942 make sure that this was real difference rather than accident 
sampling seasonal variation. small number dredgings from Round 
and Kenosee Lakes, also the Qu’Appelle chain, indicate that these lakes 
also have quantity bottom organisms similar that Echo. Since these 
lakes are all the Qu’Appelle Valley the southern part the area under 
consideration, temperature was considered possible factor. was found, 
however, that the mean temperature midsummer Echo and Last 
Mountain lakes ranged from 17° C., which not any higher than that 
Waskesiu and other lakes the northern forest area, (24). the 
chemical composition the water the Qu’Appelle lakes Fig. seen 
that they differ from most the saline lakes having more sodium 
magnesium. Since the magnesium ion usually considered more toxic than 
sodium suggested that this may related the difference amounts 
bottom organisms. This supported observations Kenderdine 
Lake, which another district but has total solids and sodium content 
similar that Echo Lake. Ten dredgings Kenderdine Lake 1938 
and 1939 show quantity bottom organisms similar that Echo Lake. 


Turbidity has been found important factor limiting the productivity 
shallow lakes other arid regions. Hutchinson (13) suggests that mud- 
diness that results from wave action some lakes the Lahontan Basin 
and mud pans the Transvaal limits the productivity and may therefore 
described kind argillotrophy. The turbidity light penetration 
measured Secchi’s disk was shown Table the lakes listed 
Table XII the Secchi disk readings vary from 1.7 Stoney 5.5 
Waskesiu. Only Stoney and Jackfish had readings less than 
significant that these lakes are also the most shallow the group having mean 
depths 2.5 and 3.2. was stated Part that lakes more than 
mean depth were rarely turbid. The existence considerable phyto- 
plankton well rich bottom fauna even the somewhat turbid lakes 
suggests that turbidity not important limiting factor lakes this area. 


has been suggested the senior author (25) that other conditions being 
comparable, size, including both area and mean depth, appears have 
effect the quantity bottom fauna, larger and deeper lakes having 
relatively smaller quantities. Some further data support this con- 
clusion have been obtained from the fresh lakes the Prince Albert Park 
region. the series lakes Table XII there evidence such 
relation, presumably because other more potent factors are work. 
true that Echo Lake, one the smallest, has the most bottom organisms 
but the largest, Last Mountain, close second. The mean depth 
most cases less than none the lakes would expected show 
any oligotrophic tendency. The dissolved oxygen the bottom water 
low several lakes, Table but rarely absent that bottom productivity 
presumably not hampered that factor. 
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Having considered the conditions that might affect the amount 
organisms these lakes concluded that salinity the chief factor. 
also suggested that qualitative difference the salts present, possibly the 
excess sodium over magnesium, may responsible for the unusually high 
productivity the lakes the series. 

The amount bottom organisms these lakes importance any 
estimate their fisheries possibilities. sufficient point out that with 
the exception few extremely saline lakes the amount bottom organisms 
least great that lakes the Prince Albert Park which support 
heavy fish populations. 

The average numbers plankton crustaceans seven lakes, indicated 
Table XII, have been provided the junior author from his extensive study 
this field. Each sample was litres and the samples were taken 
selected depths different times during the season May September, 1940. 
interest note that general way the numbers entomostracans 
Turtle, Murray, Last Mountain, Jackfish, Redberry, and Little Manitou 
lakes bear some relation the number bottom organisms the same lakes. 
The entomostraca Stoney Lake are more than four times numerous 
the average the other lakes. The net plankton Stoney Lake 1942 
(Table XI) was similarly the highest series lakes but net sample 
taken July 18, 1938, was much smaller than the average lakes sampled 
that year. Thus while Stoney Lake undoubtedly has high plankton 
production, seems probable that the two visits 1940 may have coincided 
with peaks abundance Entomostraca. Omitting the values for Stoney 
Lake the correlation between the average numbers bottom organisms per 
sq. and the number Entomostraca per litre the six lakes repre- 
sented the coefficient correlation .87. The correlation numbers 
Entomostraca with dry weight bottom organisms .69. These rela- 
tively high correlations might expected since both the plankton Crustacea 
and the bottom organisms are largely dependent basic food production 
the phytoplankton the lake. the former conclusion, that increase 
salinity responsible for decreasing numbers bottom organisms, correct 
then the correlation the bottom fauna with the Entomostraca would suggest 
that salinity was also important factor limiting production Entomo- 
straca. 

THE 
Present Fauna and Distribution 

The species fish found the series lakes have been identified 
Dymond, Director the Royal Ontario Museum Zoology, Toronto. 
Twenty-four these are listed Fig. which indicates also the number 
lakes which each was found and the range salinities represented. Two 
species not included the chart are the log perch, Percina caprodes, and the 
lake chub, Couesius plumbeus, both found Delaronde 
common the Saskatchewan River but this the first record for Percina 
the province. The dominant species among the larger fish are the common 
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Number 
of lakes 


SPECIES OF FISH 


BLACK-FIN CISCO 
Leucichthys nigripinnis. . 


TULLIBEE 
L. artedi tullibee......... 


WHITEFISH 
Coregonus clupeaformis . . 


LAKE TROUT 
Cristivomer namaycush... 


BUFFALO FISH 
Megastomatobus cyprinella 


RED HORSE 
Moxostoma aureolum.... 


COMMON SUCKER 
Catostomus commersonii 


NORTHERN SUCKER 
Catostomus catostomus.... 


LONG-NOSED DACE 
Rhinichthys cataractae . 


NORTHERN DACE 
Margariscus margarita... 


FATHEAD MINNOW 
Pime phales promelas 


BLACK-NOSED SHINER 
Notropis heterole pis 


SPOT-TAILED MINNOW 
Notropis hudsonius...... 


LAKE SHINER 
Notropis atherinoides 


NORTHERN PIKE 


TROUT PERCH 
Percopsis omisco-maycus. 


YELLOW PERCH 
Perca flavescens...... 


PICKEREL (PIKE-PERCH) 
Stizostedion vitreum 


IOWA DARTER ; 
Poecilichthys exilis. . . 


JOHNNY DARTER 
Boleosoma négrum....... 


MILLERS THUMB 
Cotlus cognatus......... 


FIVE SPINED STICKLEBACK 
Eucalia inconstans. . . 


NINE SPINED STICKLEBACK 
Pungilius pungitius..... 


LING (BURBOT) 
Lota maculosa.......... 


100 


Fic. distribution fish with reference salinity lakes. 


sucker, northern pike, yellow perch, pickerel (pike-perch), and tullibee. 
the smaller species the fathead minnow, spot-tailed minnow, and the two 
sticklebacks were most abundant. 

Most the species found have wide tolerance salinity indicated 
Fig. species found restricted ranges are mostly those that 
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are recorded from few lakes and thus their real tolerance has not been tested. 
known that the buffalo fish, redhorse, and Johnny darter, collected here 
only from saline lakes, thrive fresh water other areas. Most our 
species tolerate least 3000 p.p.m. and eight species beyond 7000. Four 
species, the fathead minnow, the pickerel, and the two sticklebacks exceed 
10,000 and the nine-spined stickleback survives Little Quill Lake 20,000. 
The decrease the number species beyond 7000 p.p.m. suggests that higher 
salinities are detrimental most species. Our experiment Redberry 
Lake has shown that both whitefish and pickerel appear thrive salinity 
15,000. Whitefish and ciscoes died the Quill lakes between 17,000 and 
19,000 p.p.m. For fish cultural guidance tentative upper limit has been 
set 15,000. probable that further investigation will show that the 
kind salts should taken into account well the total salinity. 


The lakes under consideration represent three main drainage areas. The 
Churchill drainage the north represented Waskesiu, Delaronde, 
Montreal, Witchekan, Bitter. and Deep lakes. Most the lakes are the 
central region across which flow the North and South Saskatchewan Rivers 
but there little outflow from lakes this region. The third group the 
south drained the Qu’Appelle River, which indirectly connected with 
the Saskatchewan way the Assiniboine River and Lake Winnipeg. 
Carlyle and Kenosee lakes may considered with this group since they lie 
territory drained the Souris into the Assiniboine River. The nine 
species mentioned above dominant widespread are found all these 
areas. the lakes the Churchill drainage there are four species not found 
lakes the central southern areas. These are the lake trout, miller’s 
thumb, log perch, and northern sucker. The Qu’Appelle lakes have two 
species, the buffalo fish and redhorse, not found lakes the other areas. 
But the Saskatchewan Rivers, which run through the central area find 
the buffalo fish, redhorse, ling, and northern sucker. thus seen that the 
lakes the central region have restricted number species, presumably 
result recent changes the environment and that some the species 
gone from the prairie lakes are still present the large rivers. 

The main change responsible for reduction the number fish species 
the prairie lakes assumed have been the lowering water levels with 
resulting increase salinity and danger from The death 
fish under the ice, presumably from suffocation, has been observed shallow 
lakes both fresh and saline. Thirteen instances the disappearance fish 
during the years 1930 1941 are recorded Table XIII. 

The first five entries Table XIII are cases where the salinity has reached 
exceeded the maximum which these species were observed live. 
eight species Lake Lenore only the pike died salinity 6034 p.p.m. 
the next six lakes, Margo Stoney, the salinity low and the last two, 
Helene and Broughton, are fresh. significant that all these are 
shallow, mostly maximum depth, whereas some the saline lakes 
which destruction fish occurred were and deep. Thus while 
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TABLE 


SPECIES FISH THAT DISAPPEARED FROM SASKATCHEWAN LAKES BETWEEN 1930 AND 1942 


Lake Pike Perch 
Basin 10.5 
Lenore 6034 7.0 
Ponass 1025 1.0 
Witchekan 838 
Little Nut 469 2.0 
Midnight 448 2.0 
Stoney 412 3.0 
Broughton 171 5.0 


increased salinity was apparently responsible the five cases, the decreasing 
depth and consequent tendency toward winter stagnation was probably the 
cause the remainder. Suckers, pike, and perch Stoney Lake died large 
numbers under the ice late the winter 1941. The pickerel that had 
been introduced died the same time, the only pickerel extermination 
reported this study. Since the salinity was only 7870 p.p.m. likely 
that these fish died result winter stagnation. seems probable that 
high salinity would aggravate the effect low oxygen content the respira- 


tion fish. 
FisH PRODUCTION 


The commercial fish production Saskatchewan the five years 1938 
1942 averaged about 11,000,000 this amount the saline lakes con- 
tributed about 600,000 Ib. annually more than 5%. The commercial catch 
the years 1941 1943 from the lakes the series under consideration may 


indicated follows: 
Saline Lakes 


Last Mountain 2550 p.p.m. 300,000 suckers, whitefish, tullibee, 


pickerel. 

Echo 1285 30,000 Tullibee, suckers, whitefish, etc. 

Jackfish 1210 120,000 Mostly whitefish, some pickerel, pike, 
suckers, and burbot. 

Katepwa 973 130,000 Tullibee, suckers, perch, 
pickerel, and burbot. 

Brightsand 452 24,000 Mostly whitefish and pike, some 


suckers, and burbot. 


Freshwater Lakes 


Turtle 279 p.p.m. 18,000 Ib. Mostly whitefish and suckers, some 
pike, burbot, and pickerel. 

Delaronde 223 105,000 Mostly whitefish, 
suckers, pike, and burbot. 

Waskesiu 170 94,000 Mostly whitefish, 
pike, and burbot. 

Montreal 166 102,000 Mostly whitefish, suckers, 


pickerel, pike, and 
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The figure for Waskesiu Lake average for seven years prior the 
establishment the Prince Albert Park 1928. various years small 
quantities fish have been taken commercial fishing other saline lakes 
such Lenore and Birch. 

Game fishing extensive about half the saline lakes listed and 
most the fresh lakes. The chief angling species are pike 
most the lakes the perch are too small use but few, e.g. Last 
Mountain, they are large enough provide good angling. With the exception 
Waskesiu Lake, which there voluntary creel census that has given 
very poor returns, there have been records the game fish catch. The 
institution creel census the main angling lakes would important 
step the development program fisheries management for the area. 


PLANTING 


fish hatchery was established Fort Qu’Appelle Echo Lake 1913. 
was operated until 1930 the Federal Department Fisheries and since 
that time the Saskatchewan Department Natural Resources. The 
annual output this hatchery about 20,000,000 whitefish fry, 40,000,000 
pickerel, and 100,000 trout several species, mostly lake trout. Most 
these fry have been planted lakes the province. Records from the 
Department Natural Resources show that fry have been planted various 
times the lakes under consideration. these plantings pickerel 
were placed lakes, whitefish 17, perch 16, largemouth bass 13, 
ciscoes and pike lakes. Many these plantings were made 
lakes where the species already occurred with the expectation increasing 
the stock. The record introductions into lakes where the species did not 
occur previously follows: 


Pickerel lakes, successful 12, failed 
Largemouth bass lakes, successful failed 13. 


this list successful introduction defined survival considerable 
numbers for period least five years. Several species are now gone from 
lakes which they had been established. Miscellaneous plantings included 
unsuccessful attempts introduce the crappie, catfish, rainbow trout, and 
lake trout, also the introduction brown trout into the Cypress Hills where 
was temporarily successful. 


PLANNED EXPERIMENTS FISH CULTURE 


The Quill lakes were the subject biological examination 1920 
determine their fisheries possibilities. his report Huntsman (12) discussed 
the essential conditions salinity, food supply, and spawning grounds con- 
cluding that the lakes could produce much larger quantity and greater 
variety fish. that time the salinities the lakes were 10,850 and 


= 
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16,550 p.p.m. and only three species, the common sucker, pike, 
spined stickleback were found. Suckers had been fished commercially 
both Big and Little Quill least early 1914. the season 1920-21 
the catch was well over 100,000 Ib. Stocking with cisco fry was begun 
1924 and with whitefish 1926 follows: 

1924 2,150,000 Cisco 1926 300,000 Whitefish 

The cisco eggs were obtained from the Great Lakes and not known what 
species was represented. The plantings were made the Department 
Fisheries and the progress the introduction was followed 1926 and 1927 
Dr. Bajkov employed the Biological Board Canada. 

Both ciscoes and whitefish appear have thrived the lakes. Bajkov* 
reports whitefish averaging three pounds and ciscoes two and one-quarter 
pounds the summer netting was carried least 
the years 1927 1930 indicated the following records obtained from 
the Department Fisheries, Ottawa, and the Department Natural 
Resources, Regina. 

1165 360 Sucker 50,952 Ib. 
1928-29 100 2500 20,000 
1929-30 200 9900 25,000 

These records are probably incomplete are also the planting records 
since whitefish planted 1926 could hardly reach average weight 
the winter indicated the official records. They serve 
however indicate that both species survived and that the catch ciscoes 
increased 1930. 

The falling water levels and increase salinity apparently brought about 
decrease the number fish caught soon after 1930. test net, set 
the winter reported the Department Natural Resources 
have caught whitefish and cisco. Mr. Stephanson and other 
residents the district report that the fish were all dead 1933 1934. 
They also state that the suckers died before the other species and that the fish 
disappeared earlier from Big Quill than from Little Quill. Since Big Quill 
considerably deeper than Little Quill concluded that the cause was 
increased salinity rather than stagnation under the ice. unfortunate 
that salinity determinations were made this time but can deduced 
that the whitefish and ciscoes died salinities between 17,000 and 19,000 
The nine-spined stickleback was still present Little Quill 1940 
but there were fish Big Quill. 

The smallmouth black bass was recommended the senior author for 
experimental introduction into Waskesiu Lake. This suggestion was made 
after observing that previous attempts with both largemouth and small- 
mouth bass about Saskatchewan lakes had failed and that none these 


Unpublished information. 
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lakes were strictly fresh. The introduction Waskesiu and the adjacent 
Heart lakes was begun 1936. The parent bass were held screened 
enclosures and the fry were released the lake after rearing. Recent tests 
have shown that the adults are surviving and that some natural reproduction 
taking place. final account the experiment has been published (27). 

Redberry Lake, with salinity about 15,000 p.p.m. was chosen for the 
first experiment arising out the present study. This salinity approaching 
the upper limit observed for fish the region and the depth the lake 
such that will not suffer too rapid increase salinity. The species selected 
for introduction were whitefish and pickerel. The whitefish good com- 
mercial fish and the pickerel desirable both for game and commercial fishing. 
Both were known tolerate reasonably high salinities. 

was hoped that the species introduced would not only survive but would 
reproduce naturally the lake. Thus before planting was undertaken the 
junior author, with the co-operation Dr. Fisher the University 
Toronto, carried out experiments test the possible effects saline water 
fertilization and development whitefish eggs. This was done 
November, 1939, using whitefish eggs from Lake Erie and water from Red- 
berry Lake. The saline water appeared have deleterious effect 
fertilization and the eggs developed produce normal fry. 

The planting was begun 1940 with the introduction 500,000 whitefish 
fry and similar number were planted 1941 and fry 
numbering 100,000 were planted 1941 and further plantings are con- 
templated. order test the survival the fry 1941 some the white- 
fish and pickerel were placed large screened cribs, anchored protected 
bay. The pickerel fry escaped through the smallest screen available the 
time and thus were not measured. The whitefish fry survived and made 
good progress. From average length mm. when planted May 
they grew one month average mm. Plankton collected from 
the lake was added irregular intervals supplement the natural food 
within the crib. The size single specimen recovered from the lake early 
June suggests that growth the crib was somewhat slower than that 
fry released the lake. 

examination early August, 1942, revealed that all plantings had been 
successful. Three settings were made with gill net 100 yd. length and 
including yd. each and in. stretched mesh. Nineteen white- 
fish were taken: 10, one year old ranging from oz. cm., oz. 
and nine, two years old ranging from oz. 325 cm., 
pickerel, one year old, were practically uniform This 
excellent growth such might expected lake with plenty potential 
fish food and competitor fish. 

Manito Lake was selected for the next experiment since the largest 
and deepest those lakes which the salinity well above that which 
can tolerated the native freshwater fish. The most suitable fish would 
seem the smelt with its ability thrive both marine and fresh waters. 
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has established itself the Great Lakes and provides both commercial 
fishing and angling. Arrangements were made the spring 1943 for the 
collection smelt eggs from streams tributary Lake Huron but unfor- 
tunately the smelt population had been almost destroyed during the previous 
winter and eggs were collected. second attempt smelt introduction 
being arranged 1944. 

The saline lakes Saskatchewan have considerable possibilities for the 
production game and commercial fish. Those lesser salinity, from 300 
1500 p.p.m. not differ greatly from fresh lakes the kinds quantities 
fish they may produce. Our investigations indicate that lakes with 
salinities 15,000 p.p.m. may produce such desirable species whitefish 
and pickerel. This leaves only three lakes with salinities between 15,000 
and 30,000 and one, Little Manitou, with several times that salinity. While 
the latter apparently incapable supporting fish the other three are less 
saline than the sea and seems quite possible that some species such smelt 
eels might found populate them. 

has been shown that the potential food supply least great that 
freshwater lakes the forest zone the province. The absence per- 
manent inflowing streams other types spawning grounds limitation 
with respect certain species but this may avoided the choice species 
continued planting. The most serious handicap the shallow depth 
many the lakes, which disposes them stagnation under the ice, rapid 
concentration salt, and even complete drying up. hoped that the 
drastic lowering lake levels occasioned the drought the 1930’s now 
arrested and that wet cycle may make possible the restoration fish 
some the lakes from which they have disappeared. 

The pickerel and pike continue provide most the angling this area. 
most waters the perch too small for angling would seem desir- 
able experiment with various the so-called ‘pan’ fishes. The extensive 
program reservoir construction the prairie area intensifying the need 
for hardy fish the blue-gill crappie type. Three plantings with the 
latter species have failed but further tests might well made. 


THE SALINE BIOLOGICAL ENVIRONMENT 


Salinity undoubtedly the dominant influence the life these lakes but 
not simple factor. Our practice arranging the lakes order 
their salinity and the unqualified statements salinity tolerance may seem 
imply that are dealing with different dilutions the same saline solution. 
The analyses lake waters Table and Fig. show that this was not the 
case. inevitable that varying amounts the different ions would have 
biological effects. has been pointed out that the Qu’Appelle lakes which 
the proportion sodium exceeded that magnesium were more productive 
bottom organisms than lakes which the reverse condition was found. 
Since much the investigation the biological effect salinity has been 
made brackish areas connected with the sea necessary point 
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out the waters these saline lakes are quite unlike sea water. They differ 
chiefly having much higher proportions magnesium, carbonates, and 
sulphates. For this reason have avoided the use the term brackish, 
which might suggest dilutions sea water. The popular description these 
lakes ‘alkaline’ has also been avoided since even the most saline our lakes 
are only moderately alkaline the chemical sense. 

The salinity these lakes may also regarded the key the climatic 
and physiographic conditions that were responsible for their development. 
Such conditions continue affect the life the lakes directly well 
through the concentration salts. Thus the shallow depth many the 
prairie lakes disposes them rapid heating, continuous circulation the 
wind and severe stagnation under the ice. 

consideration the typology classification these lakes will serve 
bring together conclusions their physical and biological characters 
and estimate their productivity. this connection necessary 
point out that the study series includes some fresh and slightly saline lakes 
the forest region, Fig. lakes are moderately eutrophic and may 
represented Waskesiu which has been the subject special study (24). 
The deeper lakes the forest zone are definitely oligotrophic but none these 
included the present study. are now concerned with the classification 
the saline lakes that lie almost entirely within the parkland area indicated 
the map, Fig. 

Our saline lakes produce kinds and amounts plankton and bottom organ- 
isms that mark them eutrophic. Many them are shallow and subject 
continuous circulation throughout the summer but those sufficient depth 
develop stratification the thermal and oxygen relations are typically eutro- 
phic, Table The transparency reduced the shallow lakes and occa- 
sionally they are definitely muddy result wind-caused circulation. 
However, the transparency rarely less than and the phytoplankton 
apparently not inhibited any important degree. Thus have 
limitation productivity suspended mud argillotrophy such Hutchin- 
son (13) describes shallow waters other arid regions. Colour, except 
for occasional muddiness plankton pulses rarely detectable the water 
these lakes. While the organic chemistry the water has not been 
investigated there are indications large amounts suspended humic 
material and thus suggestion dystrophic influence. The waters are 
saline but not excessively alkaline, the usually lying between 8.0 and 
8.9. The lake type represented these waters the parkland may thus 
described saline eutrophic. 

Comparing the saline lakes Saskatchewan with those other semi- 
arid regions they seem most like those western Siberia investigated 
Decksbach (4). The lakes that described from the Kirghiz Steppe are 
mostly shallow, eutrophic, and saline. The deeper lakes show temporary strati- 
fication. all these respects they resemble the saline lakes the present 
study. This not surprising since both regions lie the same range 
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latitudes and altitude, and both are subject similar temperature and 
precipitation. Hutchinson characterizes these Siberian lakes 
eutrophic and compares them with saline and alkaline eutrophic types, which 
studied South Africa investigation the temporary saline 
alkaline sloughs Saskatchewan would useful defining more clearly the 
relations our saline waters those other regions. 


RESEARCH THE SALINE LAKES 


The comprehensive study the saline lakes has provided knowledge 
their general ecology and much information the location and nature 
the individual lakes. The special investigation the Entomostraca, the 
systematic study the phytoplankton and the quantitative examination 
the bottom fauna combine good introduction the flora and fauna 
these lakes. With this background possible see interesting possibilities 
for further research. 

the field general ecology attention might well given the tem- 
porary sloughs, which are little practical importance but which support 
fauna special interest. The astatic nature the more permanent waters 
suggests the need for long term periodic examinations determine the 
course variation salinity and its biological effects. Such project 
should include the Quill lakes, which were the subject biological examin- 
ation Huntsman (12) 1920. The general studies have revealed several 
lakes that merit intensive study. For example, Little Manitou Lake 
special interest the most saline the series. Bitter Lake the only highly 
saline lake the Churchill drainage and within the forest zone, while Deep 
Lake, lying close beside contains fresh water and thus provides interesting 
‘control’. 

The study individual species special groups organisms the saline 
barely begun. Their physiological reactions, life histories, and seasonal 
variations could studied effectively temporary field stations. Laboratory 
experimentation much needed test conclusions from observation the 
field. cite single example, investigation the effects high salinity 
the respiration fish would special interest relation the periodic 
winter-killing fish the shallow lakes. 

Many physical and chemical problems have emerged from the study. 
very important field, not yet touched, that the organic chemistry and 
especially the nitrogen and phosphorus the lake waters. Such studies 
would throw light the basic productivity the lakes. Another significant 
problem that the effect high salinity the thermal and oxygen cycles 
the deeper lakes. 

The practical application our limnological finding the field fisheries 
will involve further tests and research. experiments the resistance 
fish salts e.g. Young (36) and attempts Devils Lake, N.D., acclim- 
atize freshwater species saline waters have indicated the difficulty the 
problem. The need for controlled tests the suitability various centrar- 
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chid fishes for small lakes and artificial reservoirs has been suggested 
co-operative program biological studies the lakes and their fish pop- 
ulations, together with fish cultural program involving stocking, census 
catch, and careful management needed the capacity these lakes for 
producing game and commercial fish fully realized. 


Summary and Conclusions 


The geology, physiography, and climate southern Saskatchewan are 
outlined the background responsible for the development the saline 
lakes. steppe region with semi-arid, continental climate. 

series more than lakes has been investigated. This includes all 
the larger and more permanent saline lakes well several fresh lakes for 
comparison (Table I). 


The lakes represent wide range salinity, which may summarized 
follows: lakes from 300 1000 p.p.m., from 1000 10,000 p.p.m., 
and from 10,000 30,000 p.p.m. The most saline Manitou Lake 
with total solid content 118,000 p.p.m., which about three and one-half 
times that the sea and one-half that the Great Salt Lake and the Dead 
Sea. 

The distribution the saline lakes indicated map, Fig. 
zonation noted from the fresh lakes the forest region those highest 
salinity the parkland (Fig. grassland area characterized 
temporary salt ‘sloughs’ comparable the pans South Africa and other 
arid regions. 

Information from various sources suggest that salinity lakes the 
region has increased over period least years. The year period 
drought centring around 1933 produced considerable acceleration 
increase salinity. Presumably the drought about 1893 had similar 
effect. 

Seasonal variation salinity usually involves gradual increase through- 
out the summer and partial restoration with the next spring’s 
the more saline lakes this summer increase often amounts from 8%. 
The most extreme seasonal variation found Manitou Lake where 
sodium sulphate crystallizes out winter forming crystal beds the lake 
bottom and redissolves during the summer. Thus the salinity the water 
near-bottom becomes very high the late summer and resists mixture, 
intensifying the bottom stagnation. 

The composition the saline waters indicated Table and 
graphic form Fig. While there are wide individual variations, the more 
saline waters are the sulphate type with usually more magnesium 
sodium. are dominant the fresh and less saline waters and 
calcium relatively (but not absolutely) more abundant. There are 
chloride waters this area. the higher salinities are not especially 
alkaline, having range from 8.0 8.9. 


| 


198 CANADIAN JOURNAL RESEARCH. VOL. 22, SEC. 


Temperature conditions from May September have been observed 

considerable number lakes. Many the lakes are shallow and mixed 
throughout the summer. Thus they become thoroughly warmed with mean 
temperatures often rising 18° and Only the deeper lakes show any 
lasting thermal stratification and these the mean temperature some- 
what lower. Last Mountain Lake with maximum depth was 
peculiar remaining unstratified four five six successive years. Its 
thermal cycle more keeping with its mean depth 5.3 
evidence was obtained the effect high salinity increasing the resistance 
mixture the deeper water Manito and Bitter lakes. High salinity 
also causes significant lowering the freezing point and the temperature 
maximum density. 


The amounts and distribution dissolved oxygen follow from the 
temperature relations indicated above. Most the lakes are subject 
continuous circulation and are thus liberally oxygenated. the stratified 
lakes the quantity oxygen the deep water often reduced below the 
requirements for the respiration fish. Few instances extreme bottom 
stagnation were found and these were mostly where the high salinity the 
bottom water had interfered with normal circulation. 


10. The transparencies the lake waters measured Secchi’s disk 
are indicated Table Light penetration was deepest the freshwater 
lakes the forest zone. most the series the average penetration was 
from few shallow lakes, much disturbed the wind, the 
transparency was less than but the turbidity was apparently not sufficient 
interfere greatly with the development the phytoplankton. 


11. The phytoplankton forms and their distribution have been recorded 
Kuehne (18). total 292 species and varieties were taken nets that 
would not retain the smallest organisms. The common species 
salinity ranges are indicated Tables and blue-green algae are 
the dominant group. Most the common species are euryhaline, ranging 
from fresh water salinities approaching that sea species 
were found the highest salinity, Manitou Lake. 


12. The common higher aquatic plants are listed Table VIII. generous 
growth rooted aquatics was found lakes all salinities except Little 
Manitou. Around the margins the saline lakes found characteristic 


flora halophytic species the genera Salicornia, Distichlis, Suaeda, Atriplex, 


and others. Many these are world-wide distribution. 

13. The rotifers were abundant fresh and saline waters with the genera 

Brachionus and Pedalia dominant the higher salinities. Keratella and 
Asplanchna were dominant the fresh and less saline localities (Table 

14. The common species Entomostraca and their distribution different 


salinities are indicated Table 
Daphnia longispina, Diaptomus tenuicaudatus, and Cyclops viridis are repre- 
sentative widespread species. albuquerquensis was found only 
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Little Manitou and the Quill lakes and Artemia salina, the brine shrimp, 
was found only Little Manitou. 

15. The groups bottom organisms and their distribution with respect 
salinity are indicated Fig. Most the groups show wide salinity 
tolerance. Dominant groups are the chironomid larvae, amphipods, 
gastropods, and oligochaetes. Little Manitou Lake dipterous 
larvae the genera Ephydra and Aphrosylus made the total bottom 
population. 

16. The results extensive quantitative studies the bottom fauna are 
indicated Table XII and Fig. The average amount organisms 
was 1600 per sq. and kgm. dry weight per hectare. This indicates 
moderately eutrophic condition. There gradual decline the amount 
organisms from moderate highly saline lakes. and Last Mountain 
lakes the Qu’Appelle series have more than double the average amount 
bottom organisms found the remainder the series. suggested that 
this may related the greater quantity sodium and less magnesium 
these lakes. 

17. Twenty-six species fish inhabit the series lakes (Fig. with the 
common sucker, northern pike, yellow perch, and pickerel dominant 
species. The present distribution shows restriction resulting from falling 
water levels and increased salinity. instances the killing-off 
species are recorded. Only one fish, the nine-spined stickleback, survives 
Little Quill Lake, which has salinity 20,000 p.p.m. upper limit 
15,000 p.p.m. suggested for the planting freshwater species. The 
present commercial catch the saline lakes amounts about 500,000 Ib. 
per year about the total from the province. Extensive angling 
also carried about half the saline lakes. 

18. The extent and success fish planting these lakes discussed. 
Three planned experiments the introduction fish have been carried out. 
The introduction whitefish and ciscoes into the Quill lakes 1926 was 
success, until increasing salinity destroyed the whole fish population. The 
smallmouth black bass, introduced Waskesiu Lake 1936, has survived 
and beginning spawn naturally. Whitefish and pickerel, introduced 
into Redberry Lake (salinity 15,000 p.p.m.) 1940 were thriving 1942. 
attempt now progress introduce smelt into Manito Lake, which, 
with salinity 20,000 p.p.m., too saline for freshwater fish. 

19. Salinity, the dominant influence the life these lakes noted 
complex factor. The special effects the different ions are still 
distinguished. Salinity also recognized expression the basic physio- 
graphic factors, such shallow depth, which are active these lakes. 

20. The saline lakes the parkland Saskatchewan are considered 
eutrophic type from both physical and biological evidence. They are too 
shallow oligotrophic and show signs excess humic substances 
(dystrophy). all fundamental characters they resemble the saline lakes 
the Kirghiz Steppe western Siberia. 


200 CANADIAN JOURNAL RESEARCH. VOL. 22, SEC. 


21. The results the present study suggest various fields for investigation 
such the ecology the temporary saline ‘sloughs’, the organic chemistry 
and especially the nitrogen and phosphorus the lake waters, the effects 
high salinity the thermal and oxygen cycles, and intensive studies parti- 
cular lakes such Little Manitou. 
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